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SANITARY    ENGINEERING,* 

THE  subject  discussed  in  these  pages  was,  up 
to  within  a  few  years,  comparatively  unknown. 
Sanitary  engineering — like  electrical  engineer- 
ing— is  one  of  the  recent  branches  of  civil  engi- 
neering ;  sanitary  science,  the  researches  of 
which  form  one  of  its  foundations,  may  like- 
wise be  considered  a  new  science,  although  it 
has,  in  the  last  few  years,  made  such  rapid 
strides  that  its  importance  is  beginning  to  be 
more  universally  recognized. 

The  general  public  has  but  a  vague  idea  of 
the  meaning  of  the  term  "  sanitary  engineer- 
ing." Many  mistaken  or  narrow  views  exist  in 
regard  thereto,  which,  I  trust,  this  book  may 
help  to  dispel.  Having  lived  for  many  years 
in  each  of  the  three  continents  of  Europe, 

*  A  lecture  delivered  by  the  author  before   the  Franklin  Inst.  of 
Phil,  Feb.  15,  1895. 
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Africa,  and  America,  and  being,  therefore,  some- 
what of  a  cosmopolitan,  some  of  the  statements 
which  I  shall  make  do  not  refer  exclusively  to 
American  conditions. 

ARCHITECTURE  AND  ENGINEERING. 

As  soon  as  a  science,  art,  or  profession  ex- 
pands to  such  an  extent,  both  in  theory  and  in 
practice,  that  its  entire  field  can  no  longer  be 
mastered  by  one  mind,  it  divides  itself  naturally 
into  departments  or  specialties.  We  know  this 
has  been  the  case  in  law,  in  medicine,  in  the 
fine  arts,  and  in  the  natural  sciences.  In  fact, 
ours  is  the  age  of  specialists  in  all  branches  of 
learning,  in  all  arts  and  sciences.  Such  a  sub- 
division has  also  gradually  taken  place  in  the 
profession  or  art  of  engineering  ;  thus  it  came 
about  that  sanitary  engineering  was  made  a 
special  and  distinct  branch  of  the  profession  of 
civil  engineering. 

Let  us  glance  briefly  at  the  origin,  and  define 
the  meaning,  of  this  new  branch. 
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Centuries  ago  the  whole  science  and  art  of 
building  construction  were  concentrated  in  one 
profession.  At  that  time  there  existed  even  no 
division  into  engineers  and  architects.  Archi- 
tecture and  engineering  were  not  only  com- 
bined, but  merged  together  with  other  profes- 
sions or  arts.  In  those  bygone  times  a  man 
could  be,  at  the  same  time,  a  painter,  a  sculp- 
tor, an  engraver,  a  designer,  and  builder  of 
church  edifices,  a  constructor  of  fortifications, 
an  engineer  of  canals.  The  thought  of  a  Mi- 
chael Angelo  Buonarotti,  of  a  Leonardo  da 
Vinci,  of  an  Albrecht  Durer,  will  readily  recur 
to  you.  To-day,  however,  all  this  has  been 
changed.  The  complex  requirements  of  mod- 
ern civilization,  the  multiplication  of  human 
wants — not  to  mention  the  exigencies  of  busi- 
ness competition — render  it  well-nigh  impossi- 
ble for  such  universal  genius  or  master-mind  to 
rise  to  success.  While  there  may  occasionally 
be  exceptional  instances  of  accomplished  men 
who  are  proficient  in  many  things,  as  a  general 
rule  those  will  succeed  best  who  limit  them- 
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selves  to  the  study  and  practice  of  one  spe- 
cialty.* 

It  is  now  a  little  over  a  century  ago  that  in 
building  construction  the  first  division  into  the 
two  independent  professions  of  architecture  and 
engineering  took  place. 

Broadly  speaking,  architecture  deals  with  the 
ornamental,  whereas  engineering  embraces  the 
purely  utilitarian,  branches  of  construction.  It 
should  be  said,  however,  that  while,  from  a 

*  After  writing  down  the  above,  I  happened,  for  the  first  time,  to 
come  across  a  passage  in  the  poem  "  Lucile,"  by  Owen  Meredith,  which 
expresses  exactly  the  same  views.  It  is  as  follows  : 

"  The  age  is  gone  o'er 

When  a  man  may  in  all  things  be  all.     We  have  more 
Painters,  poets,  musicians  and  artists,  no  doubt, 
Than  the  great  Cinquecento  gave  birth  to  ;  but  out 
Of  a  million  of  mere  dilettanti,  when,  when 
Will  a  new  Leonardo  arise  on  our  ken  ? 
He  is  gone  with  the  age  that  begat  him.     Our  own 
Is  too  vast,  and  too  complex,  for  one  man  alone 
To  embody  its  purpose,  and  hold  it  shut  close 
In  the  palm  of  his  hands.     There  were  giants  in  those 
Irreclaimable  days,  but  in  these  days  of  ours — 
In  dividing  the  work,  we  distribute  the  powers." 

Lucile,  Part  /,  Canto  /,  ///. 
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purely  business  aspect,  in  the  practice  of  the 
art,  this  division  exists,  the  line  cannot  be  quite 
so  strictly  drawn  as  regards  the  preparation  and 
training  required  for  the  subsequent  practice  of 
the  professions.  It  lies  in  the  nature  of  their 
work  that  architects  must  be,  to  some  extent, 
engineers  ;  they  must  understand  construction 
in  order  to  be  able  to  design,  whereas  the 
reverse  of  this  proposition  is  not  quite  so  evi- 
dent, for  to  find  artistic  talent  and  skill  in  an 
engineer  is  rare.  To  some  extent,  nevertheless, 
these  two  professions  have  always  remained  in 
close  touch,  and  in  recent  years  architects  and 
engineers  have  once  more  been  drawn  together, 
particularly  in  such  works  as  pertain  to  land- 
scape and  to  domestic  engineering. 

DEFINITION  OF  CIVIL  ENGINEERING. 

The  profession  of  civil  engineering  has  been 
defined  as  "  the  art  of  directing  the  great  sources 
of  power  in  nature  for  the  use  and  convenience 
of  man."  The  organization  of  the  first  State 
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engineer  corps  occurred  in  France,  in  1791, 
when  the  Corps  des  Ingenieurs  des  Fonts  et 
des  Chaussees  was  established.  As  the  name 
implies,  the  work  of  these  civil  engineers  con- 
sisted largely  in  the  development  of  means  for 
better  transportation  for  passengers,  as  well  as 
goods,  such  as  the  construction  of  roads,  bridges 
and  canals ;  whereas  the  military  engineers 
constructed  works  of  fortification,  and  applied 
engineering  construction  to  military  operations. 
Soon  after,  followed  the  construction,  equip- 
ment and  management  of  railways  and  the  im- 
provement of  rivers,  harbors  and  other  aids  to 
navigation.  Other  branches  were  added  from 
time  to  time,  such  as  the  manufacture  and  im- 
provement of  machinery  and  mechanical  appli- 
ances ;  the  operating  of  mines  ;  the  establish- 
ment of  telegraph  and  telephone  lines ;  the 
erection  of  gas  works  ;  the  application  of  elec- 
tricity for  producing  light,  heat  and  power ;  the 
fire  protection  of  buildings  ;  the  water  supply, 
sewerage  and  lighting  of  cities  ;  the  drainage, 
lighting,  heating  and  ventilation  of  buildings  ; 


ENGINEERING  SPECIALTIES.  TI 

the  reclamation  of  marshes  and  agricultural 
drainage  ;  the  laying  out  of  streets  and  towns, 
squares  and  parks  ;  the  construction  of  piers, 
docks,  sea-dykes,  jetties,  breakwaters  and  light- 
houses. Broadly  speaking,  engineers  deal  both 
with  structures  and  with  machines,  the  former 
being,  according  to  Rankine,  combinations  of 
materials,  the  parts  of  which  have  no  relative 
motion  ;  and  the  latter,  mechanical  appliances 
whose  function  is  to  perform  useful  work,  and 
the  parts  of  which  move. 

ENGINEERING  SPECIALTIES, 

At  the  present  day  we  may  distinguish  the 
following  divisions  of  engineering,  viz.  : 

Military  Engineering,  Electrical  Engineering, 

Railroad  Engineering,  Gas  Engineering, 

Hydraulic  Engineering,  Municipal  Engineering, 
Marine  or  Naval  Engineering,    Sanitary  Engineering, 

Bridge  Engineering,  Landscape  Engineering, 

Mechanical   and   Steam  Engi-  Fire  Protection  Engineering, 

neering,  Architectural  Engineering, 

Mining  Engineering,  Agricultural  Engineering. 
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As  previously  stated,  it  is  impossible  for  one 
man  to  acquire  a  complete  knowledge  and  prac- 
tice of  all  branches,  and  the  tendency  to  spe- 
cialization leads  engineers  to  devote  themselves 
to  some  one  particular  field.  Notwithstanding 
this  division  into  separate  branches,  made  nec- 
essary largely  by  business  considerations,  the 
various  branches  often  meet.  Much  of  the 
work  of  the  municipal  or  city  engineer,  for 
example,  refers  to  sanitary,  to  hydraulic,  and  to 
gas  engineering  ;  the  landscape  engineer  and 
the  architect  meet  in  the  laying  out  of  country 
estates,  city  gardens  and  public  parks  ;  the 
sanitary  and  the  mechanical  engineer  meet 
in  the  planning  and  construction  of  heating 
and  ventilating  plants ;  the  sanitary  and  the 
hydraulic  engineer,  in  works  of  water  supply 
or  sewerage  for  cities,  villages  and  institu- 
tions ;  the  architect  and  the  sanitary  engi- 
neer, in  all  that  pertains  to  healthfulness  of 
habitations ;  the  architect  and  the  bridge  engi- 
neer, in  the  iron  or  steel  construction  and  the 
foundations  of  large  and  tall  buildings.  These 


DEFINITION   OF  SANITARY  ENGINEERING.        j^ 

examples  might  be  multiplied,  but  what  is  said 
will  suffice  to  explain  my  meaning. 

DEFINITION  OF  SANITARY  ENGINEERING. 

If  we  accept  the  above  definition  of  civil 
engineering,  then  sanitary  engineering  may  be 
defined  as  the  art  and  science  of  applying  the 
forces  of  nature  in  the  planning  and  construc- 
tion of  works  pertaining  to  public  or  individual 
health  ;  or,  to  put  it  in  other  words,  the  purpose 
of  all  works  of  sanitary  engineering  is  the  pro- 
motion of  healthful  conditions,  the  avoidance  of 
disease  caused  by  outside  influences,  which  may 
be  brought  under  control  of  mankind,  and  the 
increase  of  the  duration  of  life.  It  is  obvious, 
therefore,  that  a  general  knowledge  of  civil  en- 
gineering, of  architecture  and  of  sanitary  science, 
in  all  their  branches,  should  form  the  basis  of  the 
education  of  the  sanitary  engineer. 

I  will  make  an  attempt  to  outline  briefly  the 
course  of  studies  and  the  special  training  re- 
quired to  enable  one  to  attain  the  qualifications 
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necessary  to  practise  the  profession  of  sanitary 
engineering.  Following  this,  I  shall  describe 
and  discuss  the  principal  subjects  or  problems 
with  which  the  sanitary  engineer  deals  in  his 
practice.  In  order  to  become  a  competent  en- 
gineer, the  course  of  study  should  embrace  both 
theoretical  (scientific  and  technical)  education 
and  practical  or  manual  training.  The  practi- 
cal education  differs  according  to  whether  the 
special  branch,  which  the  engineer  will  follow 
later  on,  belongs  to  mechanical,  civil,  electrical 
or  sanitary  and  hydraulic  engineering. 

COURSE  OF  STUDY  IN  SANITARY  ENGINEERING. 

In  order  to  be  able  to  make  use  of  the  forces 
of  nature  for  the  promotion  of  the  comfort, 
health  and  welfare  of  mankind,  it  is  necessary 
to  study  and  to  become  conversant  with  them  ; 
hence,  training  in  the  natural  sciences  and  in 
mathematics  forms  the  basis  of  sanitary  as  well 
as  of  all  other  branches  of  engineering.  The 
study  should  include  mathematics  (arithmetic, 
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algebra,  geometry,  trigonometry  and  stereome- 
try), astronomy  and  descriptive  geometry  ;  like- 
wise, of  the  physical  sciences,  mechanics  and 
dynamics,  hydrostatics  and  hydraulics,  aerostat- 
ics and  aerodynamics  ;  the  theory  of  heat,  op- 
tics, acoustics,  magnetism  and  electricity.  It 
is  also  necessary  for  the  engineer  to  have  some 
knowledge  of  meteorology,  climatology,  phys- 
ical geography,  mineralogy  and  geology  ;  fur- 
thermore, of  general  chemistry,  metallurgy,  and, 
in  particular,  of  chemical  technology.  The 
study  of  botany,  of  the  trees  of  commerce  and 
of  forestry,  is  also  useful  in  many  ways.  In 
none  of  these  studies,  however,  must  the  young 
engineer  student  expect  to  become  complete 
master  ;  even  in  mathematics,  which  is  to  the 
engineer  the  basis  of  all  learning,  he  cannot 
expect  to  cover  the  whole  field. 

He  must  become  acquainted  with  the  proper- 
ties of  the  materials  employed  in  engineering 
structures,  and  gain  a  knowledge  of  the  princi- 
ples of  construction,  of  the  theory  of  strength 
of  materials,  and  of  the  stability  of  structures. 
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Without  this  knowledge,  he  cannot  attain  emi- 
nence in  his  profession. 

All  engineers  should  be  good  draughtsmen  ; 
therefore,  the  student  should  practise  not  only 
general  drawing  and  sketching,  but  become 
skilful  in  particular  in  mechanical  drawing,  in 
the  preparation  of  engineering  drawings,  and, 
to  a  certain  extent,  of  architectural  plans,  sec- 
tions and  details.  He  should  also  learn  geod- 
esy, surveying,  levelling,  the  laying  out  and 
staking  out  of  work,  and  should  aim  to  thor- 
oughly master  topographical  and  map  drawing. 
All  these  studies  are  fully  as  useful  to  the  sani- 
tary engineer  in  his  practice  as  they  are  essen- 
tial to  the  civil  engineer. 

The  studies  mentioned  so  far  comprise  the 
general  or  preparatory  course  in  engineering. 
After  this  should  follow  special  courses  in 
engineering  as  related  to  commerce,  which 
comprises  the  means  of  transportation  and 
communication  on  land  and  on  water ;  in  en- 
gineering as  related  to  agriculture  ;  in  engineer- 
ing as  related  to  manufacturing  industries  and 
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mining  ;  in  engineering  as  related  to  buildings, 
and,  finally,  in  engineering  as  related  to  public 
health.  He  should  learn  road  and  street  con- 
struction, railroad  and  tramway  building,  hy- 
draulic engineering,  sewerage,  water  supply, 
measurement  of  water  power,  bridge,  roof  and 
tunnel  construction,  works  of  drainage  and  irri- 
gation, canals  and  locks,  river  improvements, 
harbor  and  sea-coast  works,  machine  construc- 
tion, and  the  application  of  the  different  classes 
of  motors.  A  general  course  in  architecture  or 
building  construction  is  also  desirable  for  the 
well-qualified  sanitary  engineer,  and  this  should 
include  some  knowledge  of  the  trades  of  car- 
pentry, bricklaying  and  stone  masonry,  plaster- 
ing, blacksmith  work,  plumbing,  gas-fitting  and 
drain-laying. 

In  addition  to  these,  there  should  be  a  course 
in  sanitary  science,  comprising  public  and  per- 
sonal health,  and  a  study  of  the  causes  and 
methods  of  preventing  the  spread  of  infectious 
and  contagious  diseases.  A  fundamental  knowl- 
edge of  anatomy  and  physiology,  so  useful  to 
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men  in  all  conditions  of  life,  is  of  paramount 
value  to  the  sanitary  engineer,  and  this  should 
be  followed  by  a  special  course  in  "  First  Aid 
to  the  Injured,"  as  now  made  a  feature  in  all 
German  polytechnic  schools.  This  will  prove 
eminently  useful  in  the  subsequent  practice  of 
the  engineer,  in  case  of  accidents  or  emergen- 
cies, whether  in  the  machine  shop,  on  buildings, 
in  railroad  disasters,  or  in  sanitary  and  hydraulic 
works. 

Finally,  the  general  knowledge  of  language 
and  grammar  should  not  be  overlooked,  as 
engineers  are  frequently  called  upon  to  write 
reports.  The  study  of  foreign  languages  will 
prove  useful  in  travelling  and  in  many  other 
ways.  And,  finally,  there  should  be  added  a 
general  knowledge  of  law,  so  necessary  when 
drawing  up  contracts  or  preparing  specifica- 
tions; the  cultivation  of  business  habits,  and 
the  faculty  of  dealing  with  foremen  and  work- 
men in  the  superintendence  of  works. 

From  all  this  it  is  seen  that  the  extent  of 
theoretical  knowledge  and  practical  acquire- 
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ments  which  the  sanitary  engineer  should  pos- 
sess is  quite  formidable.  It  has  been  truly  said 
that  "  no  man  in  an  ordinary  lifetime  can  prop- 
erly learn  engineering,"  and  that  "  the  learn- 
"ing  period  of  an  engineer  ends  only  with  his 
death." 

Although  it  follows  clearly  from  what  has 
been  said  that  the  foundation  for  the  special 
study  of  sanitary  engineering,  should  be  a  reg- 
ular course  in  civil  engineering,  it  by  no  means 
follows  that  every  civil  engineer  is  also  a  well- 
qualified  sanitary  engineer.  In  order  to  become 
competent  for  the  duties  of  a  sanitary  engineer, 
the  civil  engineer  should — in  study  as  well  as 
in  practice — give  special  attention  to,  and  gain 
knowledge  and  experience  of,  all  those  problems 
which  are  correlated  to,  and  which  influence, 
public  health.  Sanitary  engineering  covers  a 
very  wide  field,  and  is  a  profession  requiring 
years  of  preparation  and  hard  work. 
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ACTUAL  PRACTICE  OF  THE  SANITARY  ENGINEER. 

I  will  now  attempt  to  give  in  outline  a  very 
general  and  condensed  review  of  the  various 
classes  of  work  and  of  the  problems  arising  in 
the  professional  practice  of  the  sanitary  engi- 
neer. I  would  overstep  the  limits  of  the  book 
were  I  to  discuss  any  of  those  questions  or 
topics  in  detail.  I  can  mention  many  subjects 
only  casually,  and  my  difficulty  is  the  constant 
embarrassment  of  deciding  what  to  omit  rather 
than  what  to  mention. 

Speaking  generally,  much  of  the  work  per- 
formed by  the  salaried  city  or  municipal  engi- 
neers is  sanitary  engineering.  If  the  sanitary 
engineer  has  a  private  practice,  he  will  often 
be  called  upon  to  act  as  consulting  or  advisory 
engineer  for  municipal  works  ;  or  his  work  will 
be  more  in  the  nature  of  private  architectural 
engineering  and  domestic  work,  such  as  heat- 
ing and  ventilating  of  buildings,  plumbing  and 
drainage,  water  supply,  sewerage  and  sewage 
disposal. 
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WATER    SUPPLY    OF    CITIES    AND    OF    DWELLINGS. 

One  problem  which  belongs  to  sanitary,  and 
likewise  to  hydraulic  engineering,  is  the  pro- 
vision of  a  bountiful  supply  of  pure  and  whole- 
some water  for  cities  and  towns.  A  project  for 
water  works  requires  investigations  as  to  the 
quantity  needed  ;  as  to  the  quality  and  avail- 
able sources  of  supply  ;  as  to  the  pressure  re- 
quired and  the  division  into  pressure  districts  ; 
as  to  the  means  for  conducting  the  water  from 
its  source  to  the  places  of  consumption  and  the 
systems  of  pipe  distribution  ;  as  to  the  methods 
of  storing  the  water,  protection  against  con- 
tamination, and,  finally,  as  to  the  means  of 
purification. 

Water  is  required  for  many  uses,  such  as  for 
drinking,  cooking,  washing,  bathing  and  general 
ablutions ;  for  cleaning ;  for  sprinkling  side- 
walks and  streets,  areas  and  yards  and  watering 
gardens  ;  for  fire-extinguishing  purposes  ;  for 
flushing  water-closets,  drains  and  sewers  ;  for 
washing  carriages  and  watering  horses  and 
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cattle  ;  for  feeding  steam-boilers,  supplying 
fountains,  running  hydraulic  elevators  ;  for  in- 
dustrial establishments,  laundries,  dyeing  estab- 
lishments, paper  factories,  breweries  and  sugar 
refineries,  etc. 

From  a  sanitary  point  of  view,  the  chief  con- 
siderations are  the  sources  of  supply,  quantity, 
quality,  pressure,  storage,  the  material  of  dis- 
tributing pipes  and  the  artificial  improvement 
of  the  water. 

The  sources  for  a  water  supply  are  rivers 
and  lakes,  springs  and  gathering  ponds,  which 
are  naturally  good,  but  liable  to  be  polluted  by 
surface  washings  or  by  sewage ;  rain  water, 
which  is  pure  in  the  country,  but  contaminated 
in  cities ;  subsoil  and  ground  water,  which, 
away  from  habitations,  is  good  ;  shallow  wells, 
which  are  always  open  to  suspicion  ;  and  deep 
artesian  or  driven  wells,  which,  as  a  rule,  furnish 
an  uncontaminated  water  supply,  but  which  is 
not  in  every  instance  available  for  use.  A  sani- 
tary examination  of  the  source  of  supply  should 
always  be  instituted,  and  comprises  a  chemical. 
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microscopical  and  bacteriological  analysis  of  the 
samples,  in  the  gathering  of  which  particular 
care  is  required. 

The  quantity  of  water  required  should  be  de- 
termined according  to  the  rate  of  growth  of  pop- 
ulation, and  according  to  the  special  needs  of 
water  for  domestic  and  personal,  for  industrial 
and  for  public  use.  The  amount  of  water  re- 
quired per  head  per  diem  will  naturally  fluctuate 
with  the  customs,  desire  for  cleanliness,  and  the 
social  conditions  of  the  inhabitants  of  a  place, 
likewise  with  the  extent  of  manufacturing  in- 
dustries, the  number  of  public  baths,  public 
institutions  and  public  fountains,  and,  finally, 
according  to  the  mode  of  supply  ;  /.  e.,  whether 
this  is  unlimited  or  metered.  The  consumption 
also  varies  at  different  hours  of  the  day,  on 
different  days  of  the  week,  and  in  different  sea- 
sons of  the  year,  and  this  should  be  borne  in 
mind  in  the  design  of  a  water  works  system. 

The  quality  of  the  water  is  another  considera- 
tion of  importance.  The  fact  needs  to  be  empha- 
sized, that  clear  water  is  not  necessarily  whole- 
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some  water ;  and,  inversely,  water  may  be  good 
without  being  absolutely  pure  from  the  chemist's 
point  of  view.  Good  water,  suitable  as  a  bever- 
age, should  be  transparent,  colorless,  odorless, 
tasteless,  moderately  hard  and  cold  and  free 
from  organic  impurities  and  disease  germs. 

The  pressure  at  which  v/ater  is  supplied  is  of 
interest  mainly  from  the  point  of  view  of  fire 
protection,  but  also  as  regards  the  supply  in 
dwellings,  for  a  deficient  pressure  points  to  the 
need  of  storage  cisterns  in  houses,  and  in  some 
places  necessitates  the  use  of  domestic  pumps 
to  lift  the  water  to  the  tanks. 

Deficiencies  in  quality,  quantity  or  pressure 
of  the  water  supply  may  be  the  cause  of  dis- 
astrous calamities  to  life  as  well  as  property. 
To  guard  against  these,  stand-pipes  or  storage 
reservoirs  often  form  a  part  of  the  distribution 
system.  In  the  reservoirs,  the  water  stored  is 
frequently  subject  to  vegetable  growths,  or  algae, 
which  impart  to  it  a  bad  taste  or  odor,  or  both. 

The  method  of  supply  is  either  constant  or 
intermittent ;  the  former  is  far  preferable  for 
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sanitary  reasons,  and  may  be  either  a  free  and 
unlimited  supply,  or  the  supply  may  be  con- 
trolled by  water  meters.  The  system  of  supply- 
ing consumers  by  meter  measurement  prevents 
unnecessary  waste  of  water,  due  to  leaky  house- 
fittings  or  carelessness  and  negligence  in  use, 
and  is  not,  from  a  sanitary  point  of  view,  objec- 
tionable, as  many  suppose. 

The  supply  of  water  to  a  city  may  either  be 
brought  to  it  by  open  or  covered  gravity  con- 
duits, or  it  must  be  pumped,  by  hydraulic  or 
steam  power,  into  reservoirs  or  into  pressure 
conduits.  The  distribution  in  the  city  streets  is 
usually  by  a  network  of  underground  iron  pipes, 
and  the  domestic  water  service  is  effected  by 
smaller  distributing  pipes,  the  material  of  which 
may  have  a  bad  influence  on  the  quality  of  the 
supply. 

Finally,  the  artificial  improvement  of  the 
supply  is  a  problem  which  concerns  the  sanitary 
engineer.  It  may  be  accomplished  on  a  large 
scale,  either  by  sedimentation,  by  sand  filtra- 
tion on  filter  beds,  by  distillation,  by  aeration, 
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or  by  chemical  precipitation  processes,  requir- 
ing the  addition  of  substances  like  alum,  lime, 
or  perchloride  of  iron.  In  the  home,  small 
domestic  filters  may  effect  some  purification, 
but  nearly  all  the  household  filters  merely  strain 
the  water  without  actually  purifying  it,  and, 
unless  they  are  frequently  and  regularly  cleaned 
and  recharged  with  fresh  filtering  material,  be- 
come worse  than  useless.  There  are  a  few 
household  filters  which  do  remove  the  germs 
from  the  water ;  but  all  those  which  have  any 
merit  necessarily  filter  the  water  very  slowly 
and  require  occasional  cleaning  and  sterilizing. 
Incidental  to  the  use  of  water  as  a  beverage 
is  the  employment  of  water  in  its  solid  form  as 
ice,  for  the  purpose  of  rendering  the  tempera- 
ture of  the  water  more  agreeable.  It  is  a  popu- 
lar fallacy  that  ice  is  water  purified  by  freezing. 
Recent  progress  made  in  bacteriology  has  es- 
tablished the  fact  that  germs  of  disease,  such  as 
typhoid  germs  in  drinking  water,  are  not  killed  by 
the  process  of  freezing.  Danger,  therefore,  lurks 
in  the  indiscriminate  use  of  ice.  The  business 
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of  ice-cutting  requires  careful  watching,  and 
should  be  under  the  control  of  sanitary  engi- 
neers of  Boards  of  Health.  The  cutting  of  ice 
from  ponds  or  rivers  subject  to  organic  con- 
tamination, and  rendered  unfit  as  a  source  of 
ice  supply,  should  be  prohibited.  Careful  house- 
holders should,  for  like  reasons,  as  a  matter  of 
precaution,  make  use  of  water  coolers  so  ar- 
ranged that  the  ice  is  kept  in  a  separate  com- 
partment, so  that  in  melting  it  cannot  mix  with 
the  drinking  water,  or  they  should  order  their  ice 
supply  only  from  dealers  in  artificial  ice,  manu- 
factured from  distilled  water. 

SEWERAGE. 

The  water  supplied  to  a  city  from  its  water 
works  must  be  removed  after  use.  To  accom- 
plish this  is  one,  though  not  the-only,  object  of 
a  sewer  system.  Town  sewerage,  in  the  wider 
meaning  .of  the  term,  signifies  the  removal,  by 
underground  conduits  or  sewers,  of  the  sewage 
of  a  city,  which  may  include  a  portion  or  all  of 
the  following  liquid  wastes  :  house  wastes,  in- 
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eluding  excreta  and  urine  ;  stable  wastes,  manu- 
facturing wastes  from  industries  using  in  their 
processes  large  volumes  of  water ;  waste  from 
water  motors  and  hydraulic  lifts  ;  subsoil  water; 
and,  finally,  surface  or  storm  water,  falling  on 
roofs,  yards,  areas,  courts,  paved  streets  and 
unpaved  spaces.  From  a  sanitary  point  of  view, 
the  continuous  and  instant  removal,  before  pu- 
trefaction begins,  of  all  liquid  waste  products 
from  habitations,  must  be  the  chief  considera- 
tion in  order  to  avoid  the  pollution  of  soil  and 
air  in  and  about  dwellings,  and  the  contamina- 
tion of  the  ground-water.  To  be  able  to  devise 
a  sewerage  system,  it  is  necessary  to  institute 
many  preliminary  investigations,  which  refer 
to  the  present  and  future  extent  of  the  drainage 
area,  the  configuration  or  topography  of  the 
city,  the  geology  and  physical  character  of  the 
drainage  district,  the  meteorological  observa- 
tions, particularly  as  to  the  rainfall  of  the  place, 
including  the  frequency  and  amount  of  sudden 
heavy  showers ;  the  proportion  of  rainfall,  if 
any,  which  is  to  be  admitted  into  the  sewers ; 
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the  character  and  quantity  of  the  daily  and 
hourly  water  supply ;  the  size  of  population, 
present  as  well  as  prospective,  which  will  derive 
practical  benefit  from  the  sewers,  and  the  com- 
parative density  of  population  in  different  sec- 
tions of  the  city. 

Another  question  of  prime  importance  in  the 
establishment  of  a  sewerage  plan,  is  the  final 
disposal  of  the  sewage ;  the  location  of  the 
sewer  outfalls  ;  the  nature,  volume  of  flow  and 
velocity  of  current  of  the  water  course  intended 
to  receive  the  sewage,  the  requirements  of 
pumping  stations,  or  the  need  of  sewage  purifi- 
cation works.  It  maybe  laid  down  as  an  axiom 
that  no  engineer  can  give  intelligent  advice  con- 
cerning a  proposed  sewerage  system  of  a  city, 
without  having  a  correct  general  contour  map 
of  the  place. 

Following  these  preliminary  investigations 
the  sanitary  engineer  should  consider  the  vari- 
ous sewer  systems,  the  combined  and  the  sepa- 
rate system,  the  gravity,  suction  and  compressed 
air  systems  of  sewage  removal,  and  decide 
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which  is  best  adapted  to  the  locality  in  question. 
Often  it  may  be  advantageous  to  admit  into  the 
sewers  only  a  portion  of  the  liquid  wastes  enu- 
merated. In  many  towns  storm  water  may  be 
left  out  of  consideration,  as,  for  instance,  where 
it  can  be  taken  care  of  quite  sufficiently  by  open 
or  covered  street  gutters,  or  by  a  few  shallow 
and  short  rain-water  sewers,  discharging  in  a 
straight  line  into  the  nearest  water-course. 
Wherever  sewage  must  be  pumped  to  the  out- 
fall, and  in  all  cases  where  it  must  be  purified 
before  discharge  into  a  water-course,  the  advan- 
tages of  the  separate  system  predominate. 

After  deciding  upon  the  system  of  sewerage 
best  adapted  to  the  needs  of  a  community,  a 
general  sewerage  plan  should  be  developed,  and 
according  to  the  topography  of  the  city,  various 
lay-outs  for  the  division  into  sewer  districts 
may  be  followed,  such  as  the  direct  or  perpen- 
dicular system,  the  intercepting  system,  the 
zone  or  parallel  system,  the  fan  system  and  the 
radial  system,  the  details  of  which  I  cannot 
describe  here.  The  grade  and  inclination  of 
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the  sewers,  the  resulting  velocity  of  flow,  the 
importance  of  making  sewers  self-cleansing,  the 
depth  at  which  they  are  laid  below  the  street 
level,  the  sectional  forms  and  sizes;  the  material 
and  construction,  whether  cement  or  vitrified 
pipe  or  iron  pipe  sewers,  concrete,  brick  or 
stone-masonry  sewers — these  are  all  matters  of 
importance,  which  the  experienced  sanitary  en- 
gineer has  to  consider.  In  the  construction  of 
the  sewers  many  questions  of  detail  come  up, 
upon  which  the  ultimate  success  of  the  system 
will  depend,  such  as  the  trenching,  the  provi- 
sion of  proper  foundations  in  loose  soils,  the 
use  of  invert  blocks,  the  making  of  water-tight 
joints  in  pipe  sewers,  the  proper  junction  of 
sewers,  the  careful  alignment  and  the  adjust- 
ment of  the  grade,  the  smoothness,  hardness 
and  durability  of  sewer  pipes,  and  other  consid- 
erations. Sound,  practical  judgment  will  deter- 
mine the  position  and  number  of  man-holes  and 
lamp-holes  for  purposes  of  inspection,  location 
and  removal  of  obstructions,  the  advisability  of 
using  devices  for  flushing  sewers,  either  flush- 
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ing  man-holes,  gates  or  tanks  with  automatic 
siphons,  and  the  details  of  sewer  outfalls. 
Where  rainfall  is  admitted  to  the  sewers,  the 
construction  of  catch-basins  at  street  corners 
and  of  storm  overflows  to  relieve  the  sewers  in 
case  of  sudden  heavy  showers  must  be  studied. 
Where  sewage  cannot  be  discharged  by  gravity, 
pumping  stations  and  sewage  pumps  must  be 
designed  ;  finally,  the  house  connections  must 
be  provided,  in  wet  soils  subsoil  drains  must  be 
laid  in  the  sewer  trenches,  and  in  all  cases  the 
sewers  must  be  well  ventilated. 

The  problem  of  sewer  ventilation  presents 
many  practical  difficulties.  The  prevailing 
method,  by  means  of  perforated  man -hole 
covers,  is  open  to  objections,  particularly  in 
narrow  streets  or  courts,  and  the  alternative  of 
untrapped  catch-basins  aggravates  the  evil,  ow- 
ing to  the  proximity  of  the  latter  to  the  win- 
dows of  dwelling  houses.  Among  the  various 
other  methods  suggested  from  time  to  time,  I 
mention  ventilation  by  means  of  the  rain-water 
pipes  of  buildings,  which  is  objectionable,  first, 
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because  during  rain-storms,  just  when  sewers 
require  a  free  vent,  owing  to  the  displacement 
of  the  air  by  water,  the  rain-water  conductors 
cannot  act  as  ventilators  ;  second,  because  the 
joints  of  outside  metal  leaders  are  rarely 
tight;  and  third,  because  rain-water  leaders 
often  terminate  under  windows  of  living 
rooms  or  sleeping  apartments.  Ventilation 
by  lamp-posts  or  special  columns  rarely  ac- 
complishes much,  because  they  are  of  too 
small  diameter.  The  carrying  of  special  sewer 
vent  pipes  along  the  outside  of  buildings 
would  be  somewhat  more  effectual,  but  the 
method  is  difficult  to  enforce,  expensive,  and 
often  troublesome  in  case  of  adjoining  buildings 
of  various  heights.  Ventilation  of  sewers  by 
connection  with  chimney  shafts  or  boiler  flues, 
involves  the  possibility  of  explosion,  or  is  ob- 
jected to  by  the  owners,  as  it  may  injuriously 
affect  the  chimney  draft.  Special  tall  shafts,  at 
the  upper  ends  of  sewer  lines,  are,  to  some  de- 
gree, effective,  but  very  expensive.  Other  prop- 
ositions include  charcoal  ventilators  in  the  top 
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of  man-holes,  which  require  frequent  removal/ 
material  placed  in  sewers  to  absorb  gases,  and 
the  passing  of  disinfecting  vapors  or  chemical 
gases  into  sewers.  Unfortunately,  most  of 
these  devices  suggested  are  costly  or  difficult  to 
apply,  and  the  problem  is  by  no  means  satis- 
factorily solved.  One  other  method  deserves 
special  mention,  it  being  a  successful  feature  of 
the  separate  system  ;  this  is  the  omission  of  the 
running  trap  on  all  house  drains,  thus  making 
use  of  the  house  soil  and  vent  pipes,  which  are 
carried  up  to  the  roof.  With  a  well-flushed, 
well-arranged  and  well-maintained  sewer  sys- 
tem, under  complete  control  of  the  municipal 
engineer,  the  simple  method  is  perfectly  feasi- 
ble, and  gives  good  results,  provided  the  drain- 
age works  of  the  houses  are  absolutely  air-tight. 
A  public  water  supply  and  a  sewer  system  are 
improvements  which  usually  go  together,  and 
exercise  a  marked  sanitary  effect  upon  the  gen- 
eral health  of  a  community.  The  problem  be- 
comes more  difficult  when  there  is  a  water 
supply  without  sewerage,  in  which  case  the 
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filthy  and  health-destroying  cesspool,  or  the 
vault,  is  the  usual  receptacle  of  the  sewage 
pending  removal  by  cartage.  Where  there  is 
neither  sewer  nor  a  water  supply,  the  disposal 
of  filth  must  be  accomplished  by  dry  removal 
systems,  such  as  the  earth  or  ash  closets,  or  the 
pail  system.  Finally,  there  are  certain  special 
systems,  such  as  the  pneumatic  systems  of 
Liernur  and  of  Berlier,  and  the  mode  of  pump- 
ing sewage  by  compressed  air  by  the  Shone 
system,  of  which  a  practical  application  could 
be  seen  at  the  recent  World's  Fair  in  Chicago, 
with  all  of  which  the  sanitary  engineer  should 
be  quite  familiar.  Of  all  systems,  that  one  will 
be  by  far  the  best,  from  a  hygienic  point  of 
view,  which  effects  cleanliness  by  a  constant, 
systematic  and  quick  removal  of  all  manner  of 
liquid  organic  refuse  from  houses,  streets  and 
towns. 

PREVENTION    OF     POLLUTION    OF    WATER-COURSES. 

Rivers  and  water-courses  have  been  utilized 
as  the  natural  outfalls  for  the  sewage  of  towns. 
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As  the  amount  of  town  sewage  increases,  owing 
to  growth  of  population,  and  of  its  industrial 
establishments,  the  streams  and  water-courses 
become  more  and  more  polluted,  to  the  great 
detriment  of  the  people  living  further  down- 
stream. River  pollution,  in  numerous  instances, 
has  been  the  result  of  improved  town  sanitation 
by  sewerage.  Too  much  reliance  has  often 
been  placed  in  the  assumed  self-purification  of 
rivers.  In  many  instances,  furthermore,  clear 
streams  flowing  through  the  heart  of  a  city, 
have  been  made  the  receptacle  of  all  its  liquid 
wastes,  with  the  result  of  turning  a  once  pure 
water-course  into  an  extremely  foul  open  sewer, 
contaminating  the  air  of  the  town.  This  offen- 
sive practice  cannot  be  too  strongly  condemned 
from  a  sanitary  point  of  view.  The  experienced 
sanitary  engineer  will  uphold  the  axiom  that  in 
cities  all  natural  water-courses  must  be  kept 
unpolluted.  Even  the  smallest  open  streams 
should,  under  no  circumstances,  be  covered  or 
arched  over  and  used  as  sewers.  Filth  should 
be  prevented  from  reaching  these  open  streams, 
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and  they  should  be  kept  pure  with  plenty  of 
water  and  by  a  free  circulation  of  air,  and  may, 
by  proper  rectification,  be  used  to  serve  as  a 
natural  embellishment  of  a  city. 

Regarding  larger  water-courses  flowing  past 
a  city,  the  question  whether  or  not  sewers  may 
discharge  directly  into  them  depends  upon  a 
number  of  factors  which  must  be  carefully  con- 
sidered by  the  engineer.  A  certain  amount  of 
self-purification  is,  no  doubt,  always  going  on, 
due  largely  to  the  sedimentation  or  subsidence, 
to  oxidation  and  aeration  and  to  dilution  ;  and 
with  this  in  view  there  is  a  certain  degree  of 
permissible  pollution.  Speaking  generally,  the 
larger  the  volume  of  the  water-course,  and  the 
greater  its  velocity  of  current,  the  more  sewage 
can  be  admitted  to  it  without  danger  of  undue 
pollution.  The  condition  of  the  water-course 
before  it  reaches  the  town  should  also  be  con- 
sidered, but  the  chief  question  will  always  be 
whether  the  water  of  the  river  is,  or  may  in  the 
future  be,  used  at  a  point  below  the  sewer  out- 
fall as  a  source  of  potable  water.  In  that  case 
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the  direct  discharge  of  unpurified  sewage  should 
never  be  permitted,  for  the  preservation  of  the 
purity  of  water  used  for  public  water  supply  is 
of  paramount  importance.  We  may  even  go  a 
step  further  and  demand  a  certain  amount  of 
purification  of  sewage,  before  discharge  into 
rivers  or  lakes,  in  order  to  keep  these  inoffen- 
sive even  where  they  are  not  drawn  upon  to 
supply  the  drinking  water,  making  the  required 
degree  of  purification  variable  according  to  the 
circumstances  of  each  case.  Small  lakes,  stag- 
nant ponds,  coves,  bays  or  inlets  should  never 
be  used  as  receptacles  for  town  sewage.  In 
manufacturing  districts  difficulty  often  arises 
from  chemical  wastes,  and  from  the  fact  that 
the  volume  of  water  of  the  stream  is  consider- 
ably reduced  on  account  of  the  flumes  which 
divert  part  of  the  water  to  use  it  as  motive 
power.  On  the  other  hand,  artificial  dams, 
like  rapids  and  natural  waterfalls,  aid  the  puri- 
fication by  aeration  and  oxidation. 


PRACTICE   OF   THE   SANITARY  ENGINEER. 


SEWAGE    DISPOSAL. 


39 


The  question  of  the  proper  disposal  of  the 
sewage  of  populous  places  is  one  of  the  most 
important,  and  often  difficult,  problems  which 
the  sanitary  or  municipal  engineer  encounters. 
In  many  sewered  cities  of  Europe,  particularly 
in  the  case  of  inland  towns,  sewage  purifica- 
tion systems  have  long  ago  been  devised  and 
adopted,  while  in  the  United  States  the  diffi- 
culty is  only  beginning  to  be  appreciably  felt 
with  the  increasing  pollution  of  our  rivers.  A 
direct  discharge  of  sewage  into  a  water-course 
or  into  lakes  and  tidal  rivers  is  seldom  permis- 
sible. Even  the  casting  away  of  crude  sewage 
into  the  sea  can  only  be  countenanced  under 
special  conditions,  as  it  quite  often  leads  to  a 
defilement  of  the  beaches,  and  tends  to  create 
mud-bars  and  silts  up  the  navigable  channels  at 
the  entrance  of  harbors.  Frequently  the  argu- 
ment is  used  against  this  method  of  disposal, 
that  it  is  a  waste  of  fertilizing  materials.  It 
should  be  said,  however,  that  none  of  the 


40  SANITARY  ENGINEERING. 

methods  of  sewage  disposal  can  be  carried  out 
with  a  view  to  financial  gain.  The  purification 
of  the  sewage  is,  in  all  cases,  the  chief  object. 

The  methods  of  purifying  sewage  may  be 
divided  into  natural  and  artificial  methods.  To 
the  former  belong  the  simple  sedimentation  or 
subsidence,  filtration  through  soil  and  broad 
surface  irrigation.  Among  artificial  methods, 
I  mention  the  simple  straining  of  sewage, 
mechanical  filtration,  chemical  precipitation, 
aeration  processes,  and  the  purification  by  elec- 
trical currents.  Quite  often  a  combination  of 
two  of  these  methods  is  adopted,  and  it  is  im- 
possible to  say,  in  a  general  way,  which  is  the 
method  that  will  yield  the  best  success.  The 
sanitary  engineer  must  study  each  problem 
separately  and  use  sound  judgment  in  selecting 
a  method  best  adapted  to  the  existing  condi- 
tions. Certain  scientific  experiments,  however, 
and  the  actual  experience  gained  in  cities  having 
various  processes  in  operation  will  serve  as  a 
useful  guide. 

Simple  sedimentation  or  subsidence  is  a  slow 
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method,  which  rarely  effects  more  than  a  mere 
clarification  of  the  sewage,  and  removes  none 
of  the  matters  in  solution.  This  is  also  true 
of  the  cruder  methods  of  straining  or  filtering 
sewage  in  mechanical  filters,  and  these  processes 
may  be  considered  rather  useful  as  preliminary 
methods  to  be  followed  by  broad  irrigation 
or  intermittent  downward  filtration.  Chemical 
precipitation  consists  in  the  addition  of  certain 
chemicals,  such  as  lime,  or  sulphate  of  alumina, 
or  salts  of  iron,  which  act  as  precipitants,  caus- 
ing the  suspended  matters  and  a  part  of  the 
dissolved  impurities  to  be  removed.  The  pre- 
cipitation takes  place  in  large  sewage  tanks, 
and  is  effected  in  a  variety  of  ways.  In  some 
the  sewage  comes  to  a  complete  rest  for  several 
hours,  and  this  method  requires,  therefore,  a 
large  number  of  tanks.  Or  the  sewage,  after 
the  addition  of  the  chemicals,  is  made  to  move 
slowly  through  shallow  tanks,  or  it  is  compelled 
to  follow  up  and  down  movements  in  the  same. 
Finally,  instead  of  large  shallow  tanks,  deep 
upright  tanks,  cylinders  or  wells,  placed  either 
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above  or  below  the  ground,  are  used  in  certain 
chemical  precipitation  processes.  None  of  the 
numerous  chemical  processes  effect  a  complete 
removal  of  all  foul  matters,  and  where  the 
effluent  is  required  to  be  very  pure,  the  chemi- 
cal method  is  often  supplemented  by  irrigation 
over,  or  filtration  through,  soil.  In  all  pre- 
cipitation processes  a  new  difficulty  arises  on 
account  of  the  unavoidable  accumulation  of 
sewage  sludge,  which  contains  a  large  per- 
centage of  water.  This  sludge  must  be  dried, 
either  by  spreading  it  out  on  well-underdrained 
land,  or  by  pressing  it  in  filter  presses.  The 
sludge  cakes  have  some  value  as  manure,  but 
a  financial  return  from  their  sale  is  seldom 
realized.  In  some  cities  the  solid  house  and 
street  refuse  is  mixed  with  the  sludge  and 
burned  in  garbage-cremating  furnaces. 

In  the  natural  method  of  sewage  disposal, 
sewage  is  made  to  flow  either  over  or  through 
land  prepared  for  the  purpose,  and  an  excellent 
degree  of  purification  is  usually  attained.  Sew- 
age irrigation  over  cultivated  land  is  assisted 


PRACTICE   OF   THE   SANITARY  ENGINEER.       43 

during  part  of  the  year  by  the  vegetation,  the 
cultivation  of  certain  crops  on  the  sewage  dis- 
posal field  being  perfectly  feasible.  The  diffi- 
cult feature  of  the  system  is  the  need  of  large 
areas  of  well-drained  land.  Near  cities  these 
are  not  always  available,  or  when  they  are  to 
be  found  they  require  a  large  outlay  of  money. 
Irrigation  and  filtration  through  soil  also  in- 
volve the  constant  need  of  manual  labor. 

Aeration  processes  are  seldom  adopted,  al- 
though the  oxidation  of  the  organic  matters  in 
sewage,  either  by  forcing  air  through  it,  or  by 
causing  it  to  run  over  a  series  of  terraces  or 
waterfalls,  or  by  dripping  it  down  on  wire 
meshes,  appears  to  be  practicable. 

The  treatment  of  sewage  by  electricity  was 
introduced  experimentally  in  England  several 
years  ago  ;  more  recently  it  has  teen  tried  in 
the  United  States  on  a  small  scale,  but  suffi- 
cient practical  experience  is  not  yet  available 
to  permit  definite  conclusions  to  be  formed 
as  to  the  results  to  be  attained  by  the  pro- 
cess. 
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STREET    PAVEMENTS. 


All  roads  and  streets  serve  for  purposes 
of  intercommunication  and  traffic  ;  city  streets, 
however,  are  planned  with  the  further  object  of 
providing  light  and  air  to  the  adjacent  houses, 
and,  incidentally,  are  utilized  as  receptacles  for 
a  network  of  underground  pipes,  conduits,  and 
wires  which  afford  drainage  and  sewerage  facil- 
ities and  furnish  water,  gas,  heat,  light,  steam, 
and  electric  power,  etc.,  to  the  buildings.  When 
we  demand  —  even  of  our  country  roads  —  that 
they  should  not  be  dusty  in  dry  weather,  nor 
muddy  and  impassable  in  wet  seasons,  it  is  ob- 
vious that  city  streets,  in  which  our  habitations, 
offices,  and  places  of  work  are  located,  should 
be  subject  to  much  stricter  requirements.  We 
are,  as  far  as  this  book  is  concerned,  interested 
chiefly  in  the  sanitary  aspects  of  street  con- 
struction or  the  paving  of  its  surface.  The 
essential  requirements  of  a  good  city  street 
pavement  are  quick  surface  drainage,  good 
foundations,  impermeability  and  hardness  of 
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surface,  avoidance  of  slipperiness,  least  resis- 
tance to  traffic,  cleanliness  and  noiselessness. 
Impermeability  and  noiselessness  are  the  chief 
desiderata,  from  a  sanitary  point  of  view. 
There  is  plenty  of  medical  testimony  available 
tending  to  prove  that  the  ceaseless  noise,  from 
early  morning  till  late  at  night,  due  to  vehicles 
passing  over  rough  stone  pavements,  affects 
the  nervous  system  and  reduces  the  duration 
of  life. 

A  street  surface  should  be  as  water-tight  as 
possible,  to  prevent  a  downward  soakage  into 
the  ground  of  liquids,  or  the  retention  of  filth 
in  the  joints  and  cracks  of  the  paving  stones. 
The  street  surface  should  drain  off  quickly,  and 
there  must  be  no  depressions  or  inequalities 
where  water  can  stagnate  and  become  offensive. 
A  street  pavement  should  not  be  slippery,  as 
this  not  only  causes  horses  to  fall,  but  is  equally 
dangerous  to  life  and  limb  of  pedestrians. 
Cleanliness  of  pavements  is  essential  to  prevent 
dangerous  exhalations  and  illness  due  to  pol- 
luted air.  Finally,  paved  streets  should  be 
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noiseless,  for  the  continuous  jarring  and  rum- 
bling of  heavy  vehicles,  the  shaking  of  the  foun- 
dations and  the  accompanying  vibrations  of 
window  panes,  doubtless  affect  the  nerves  of 
town-dwellers,  disturb  sleep,  aggravate  the  suf- 
fering and  retard  the  recovery  of  the  sick. 

For  these  and  similar  reasons  the  selection 
and  construction  of  a  good  street  pavement  is  a 
sanitary  problem  of  much  importance.  Leaving 
out  of  consideration  some  kind  of  pavements 
which  are  not  used  to  any  great  extent,  the 
choice  lies  between  macadam,  wood,  cobble- 
stone, granite  block,  and  asphalt  pavements. 

Macadamized  roads  are  not  well  suited  for 
city  pavements.  Under  a  heavy  street  traffic 
the  broken  stones — particularly  if  the  softer 
limestones  are  used — are  quickly  ground  to 
powder,  causing  clouds  of  disease-breeding  and 
irritating  dust  in  dry  weather,  while  in  wet 
weather  the  dust  is  quickly  changed  into  the 
worst  kind  of  soft  mud.  The  surface  of  macad- 
amized roads  wears  out  very  quickly,  and  al- 
most the  only  advantages  worth  mentioning 
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are  that  such  roads  are  noiseless,  and  that  they 
afford  a  firm  footing  for  horses. 

Wooden  pavements  have  formerly  been  em- 
ployed, to  a  large  extent,  in  American  cities,  but, 
of  recent  years,  they  have  been  given  up,  partly, 
no  doubt,  on  account  of  the  growing  scarcity  of 
timber,  due  to  the  barbarous  destruction  of  our 
forests.  From  a  hygienic  point  of  view,  wooden 
pavements,  unless  the  blocks  are  impregnated 
to  prevent  decay,  offer  several  important  objec- 
tions. In  the  first  place,  wood  absorbs  not 
only  dampness,  but  likewise  putrefying  matter, 
and  exhales  bad  odors,  and,  being  alternately 
wet  and  dry,  the  surface  soon  rots.  It  is  a  well- 
known  fact  that  decaying  wood  is  detrimental 
to  health.  Wooden  pavements,  on  account  of 
their  elasticity,  are  more  noiseless  than  stone 
pavements,  but  they  are  expensive  to  maintain, 
and  soon  their  surface  becomes  quite  unequal, 
except  when  the  precaution  is  taken  to  lay  the 
blocks  on  a  concrete  or  sand  foundation. 

Cobblestone  pavements  are  of  a  very  inferior 
character,  on  account  of  the  uneven  surface, 
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due  to  absence  of  proper  foundation  and  the 
rough  joints  and  numerous  pockets,  due  to  the 
irregularity  of  the  stones.  The  joints  of  such 
pavements  soon  fill  up  with  putrefying  street 
filth  and  create  obnoxious  odors.  Such  pave- 
ments are  very  difficult  to  maintain  in  a  clean 
condition,  and,  taken  altogether,  they  are  unfit 
for  the  thoroughfares  of  large  cities. 

Granite  pavement,  if  composed  of  stones  of 
regular  size  evenly  laid,  well  bedded  on  a  good 
concrete  foundation,  and  with  the  joints  care- 
fully filled  with  sand  or  cement,  or  tar  and 
gravel,  is  a  good  city  pavement  for  heavy 
traffic.  The  stone  blocks  should  not  be  too 
hard,  as  they  otherwise  become  quite  slippery 
from  abrasion,  and  the  evenness  of  the  pave- 
ment is  usually  disturbed  by  the  frequent  tear- 
ing up  required  for  underground  pipe  connec- 
tions. The  improved  stone  pavements,  with 
well-filled  joints,  have  the  one  disadvantage  of 
causing  increased  vibration  of  buildings. 

The  best  pavement,  from  a  sanitary  point  of 
view,  is,  without  doubt,  the  asphalt  pavement, 
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and  it  is  destined  to  become  the  favorite  pave- 
ment for  streets  with  light  traffic.  It  is  water- 
tight and  quite  impermeable ;  it  prevents  soakage 
into  the  subsoil ;  it  is  free  from  the  noxious  odors 
so  often  found  on  pavements  with  joints  ;  it  is 
durable,  smooth,  and  very  readily  cleaned  ;  it 
renders  all  traffic  noiseless,  does  not  cause  jar- 
ring or  vibration  of  buildings,  and  creates  no 
dust  due  to  abrasion  and  wear.  About  its  only 
disadvantage  is  its  liability  to  become  slippery 
when  the  pavement  is  damp  or  greasy,  as  dur- 
ing foggy  weather,  or  where  soft  mud  is  carried 
to  it  from  adjoining  stone  pavements,  by  horses' 
hoofs,  pedestrians'  shoes  and  carriage  wheels. 
It  is  principally  adapted  to  the  residential  parts 
of  cities,  where  there  is  no  heavy  traffic  ;  owing  to 
its  noiselessness  it  is  also  preferred  in  the  neigh- 
borhood of  courthouses,  schools,  hospitals,  etc. 
Other  durable  pavements  are  the  vitrified 
paving  blocks,  the  asphalt  blocks  and  brick 
pavements,  in  the  laying  of  which  particular 
care  should  be  given  to  the  rilling  in  of  the 
joint  spaces. 
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Footpaths  and  sidewalks  are  paved  with  flag- 
stones, or  with  artificial  stone,  with  bricks  laid 
flat,  or  with  asphalt,  and  these  should  also  be 
laid  so  as  to  afford  good  drainage  into  the  gut- 
ters, and  must  be  constructed  so  as  not  to  be- 
come slippery.  Gutters  must  be  constructed 
with  care,  to  avoid  leakage  of  storm-water  into 
the  subsoil  and  the  cellars  of  houses. 

I  have  already  alluded  to  the  fact  that  city 
streets  serve  also  the  purpose  of  receptacles  for 
many  pipe  conduits.  In  our  large  cities  the 
number  of  different  pipe  lines  buried  under  the 
street  surface  is  constantly  growing.  We  have 
not  only  one  or  several  street  water  mains,  gas 
mains,  sometimes  separate  mains  for  fuel  gas 
and  lighting  gas,  sewers  for  rain-water  and 
house-wastes,  and  in  the  "  separate "  system 
two  lines  of  sewers,  but  also  electric  light  con- 
duits, telegraph  wires  for  commercial  uses,  for 
fire  alarm  system,  and  for  police  telegraph  ; 
telephone  wires,  pneumatic  conduits  for  mail, 
parcel  delivery  and  telegraph  messages  ;  elec- 
tric or  pneumatic  conduits  for  synchronized 
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clocks ;  compressed  air  mains,  cables  and  trol- 
ley line  wires,  steam  conduits,  hot-water  pipes, 
pipes  for  cooling  purposes,  and  what  not.  At 
street  intersections  the  network  of  pipes  is  par- 
ticularly crowded,  for  here  we  find,  in  addition 
to  the  above,  the  sewer  man-holes,  the  catch- 
basins,  the  shut-off  valves  for  water  and  gas, 
and  the  man-holes  on  subways  for  electric  and 
telegraph  wires. 

In  order  to  avoid  the  endless  tearing  up  of 
streets  and  pavements,  and  the  incidental  dis- 
turbance of  traffic,  caused  by  repairs  or  connec- 
tions to  the  various  conduits,  it  has  been  fre- 
quently suggested  to  build  subways  in  the  more 
important  streets,  and  to  place  all  the  above- 
named  complicated  network  of  engineering  con- 
duits and  pipes  in  the  same.  While  this  would, 
doubtless,  tend  to  secure  a  more  permanent 
street  surface,  it  involves  a  very  large  outlay 
of  money  for  construction,  and  the  remedy 
suggested  is  by  no  means  free  from  objections. 
Some  of  the  most  experienced  municipal  engi- 
neers have  been  opposed  to  the  construction  of 
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subways.  Much  may  be  said  on  both  sides  of 
the  question,  but  it  would  lead  us  too  far  to 
discuss  the  subject  in  detail.  It  is  doubtless 
true  that  the  maintenance  of  a  permanent  street 
surface  is  rendered  difficult  owing  to  the  con- 
tinued and  repeated  breaking  up  of  the  pave- 
ment for  connection  of  water,  sewer,  gas  and 
electric  conduits. 

STREET    CLEANING. 

We  have  learned  how  necessary  good  street 
pavements  are,  not  only  from  the  traffic  point 
of  view,  but  more  especially  from  a  sanitary 
standpoint,  for  the  maintenance  of  the  health 
of  a  city.  But  the  advantages  of  well-paved 
streets  count  for  nothing  if  the  pavements  are 
not  thoroughly  cleaned  at  regular  and  frequent 
intervals. 

Street  cleaning,  in  the  widest  sense  of  the 
term,  includes  the  sweeping  of  roadways,  side- 
walks and  gutters,  the  collection  and  removal 
of  the  road  dirt,  the  sprinkling  of  streets,  the 
removal  of  snow,  the  cleaning  and  disinfection 
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of  public  conveniences,  the  cleaning  and  flush- 
ing of  sewer  catch-basins,  and  the  removal  of 
house  refuse.  I  shall  leave  the  latter  out  of 
present  consideration,  as  it  will  be  referred  to 
further  on,  when  speaking  of  scavenging,  and 
shall  restrict  my  remarks  to  a  discussion  of 
street  dirt.  The  maintenance  of  city  streets, 
and  the  scientific  administration  of  street  clean- 
ing in  large  cities,  require  a  great  deal  of  engi- 
neering knowledge,  practical  skill  and  judgment, 
besides  not  a  little  executive  ability.  It  is  not 
often,  however,  that  the  matter  is  considered  in 
this  way.  Many  instances  could  be  quoted 
where  in  municipal  departments  mere  politi- 
cians are  placed  in  charge  of  the  street-cleaning 
bureau,  no  doubt  because  street  cleaning,  like 
the  construction  of  a  state  capitol,  often  involves 
the  employment  of  a  large  force  of  laborers 
whose  political  vote  may  thus  be  controlled  at 
election  time.  Street  cleaning  may  legitimately 
be  considered  one  of  the  important  problems  of 
sanitary  municipal  engineering.  Viewed  in  this 
light,  the  recent  appointment,  by  a  reform 
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mayor,  of  an  able  civil  and  sanitary  engineer 
of  high  reputation,  to  the  position  of  street- 
cleaning  commissioner  in  the  city  of  New  York, 
cannot  be  too  highly  commended. 

The  quantity  and  the  composition  of  street 
dirt  depend  upon  a  great  many  points,  such  as 
the  character  and  material  of  the  pavement,  the 
width  of  the  street,  the  density  and  class  of 
population,  the  nature  and  size  of  the  traffic, 
the  condition  of  the  weather,  etc.  Road  detri- 
tus is  composed  chiefly  of  abraded  particles  of 
stone,  wood,  iron  and  shoe  leather  ;  gravel,  sand 
or  mud  from  the  sub-surface  ;  the  horse-dung 
and  urine  of  animals,  mixed  together  with  house 
refuse,  ashes,  street  and  yard  sweepings,  more 
or  less  garbage,  dead  leaves  and  other  vegetable 
matters.  Some  of  this  dirt,  and  particularly 
that  of  animal  origin,  becomes  absorbed  in  the 
joints  or  cracks  of  ill-laid  or  ill-kept  pavements, 
where  it  keeps  the  subsoil  damp  and  contami- 
nated, putrefies  and  causes  noxious  smells  and 
disease-breeding  emanations.  A  part  of  the 
street  dirt  is  breathed  directly  into  our  lungs, 
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or  enters  the  alimentary  canal,  and  may  cause 
internal  diseases.  When  the  March  winds  blow, 
and  in  dry  seasons  generally,  the  dust  and  dirt 
of  streets  are  wafted  about  in  the  air,  become  in- 
jurious to  the  eyes  of  pedestrians,  and  are  driven 
or  blown  into  our  houses,  where  they  soon  settle 
on  the  skin  and  the  clothes  of  persons,  on  fur- 
niture, draperies,  curtains  and  carpets.  To 
avoid  this,  windows  are  kept  closed,  and  thus 
the  rooms  of  our  houses  do  not  receive  the 
necessary  change  of  air.  The  street  dust  is 
also  highly  injurious  to  tradesmen's  and  shop- 
keepers' goods.  When  wet,  the  dirt  is  changed 
into  street  mud,  which  is  destructive  to  people's 
clothing,  shoes  and  to  carriages.  Muddy  and 
greasy  streets  also  become  a  source  of  trouble 
by  being  slippery,  and  causing,  on  sidewalks, 
street  crossings  and  in  the  carriage-ways,  nu- 
merous accidents  to  life  and  limb,  to  men  and 
horses.  As  a  rule,  street  dirt  or  mud  is  par- 
ticularly bad  about  public  hack-stands,  on  open 
squares,  near  hotels,  theatres  and  railway  sta- 
tions. Regarding  the  comparative  quantity  of 
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street  dirt  from  different  pavements,  an  English 
engineer  is  authority  for  the  statement  that  one 
cartload  of  street  mud  is,  on  the  average,  re- 
moved from  344  square  yards  of  macadam,  from 
500  square  yards  of  granite,  from  1,666  square 
yards  of  wood  and  from  4,000  square  yards  of 
asphalt  pavement. 

It  is  well  known  that  streets  in  a  bad  condi- 
tion are  an  obstruction  to  traffic,  and  that  they 
necessitate  a  waste  of  energy  and  tractive  force. 
We  are  accustomed  to  consider  muddy  streets 
as  an  annoyance,  and  we  condemn  unclean 
streets  principally  on  account  of  untidiness  of 
appearance.  Very  few  people,  however,  take 
into  consideration  that,  owing  to  air  and  soil 
pollution,  caused  by  accumulation  of  dirt  and 
refuse  matter  and  soakage  of  liquid  impurities, 
there  is  a  powerful  influence  on  public  health, 
which  by  far  outweighs  all  other  disadvantages. 
It  is  a  fact  that  clean  and  well-kept  streets  cause 
a  marked  reduction  in  the  death  rate  of  large 
cities,  particularly  as  regards  malarial  and  pul- 
monary ailments.  Children  playing  in  unclean 
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streets  are  more  or  less  affected,  being  often 
much  more  susceptible  than  adults  ;  the  same 
is  true  of  invalids,  and  people  not  in  robust 
health.  Sanitary  science,  therefore,  requires 
that  the  street  surfaces  be  impermeable  and 
that  all  thoroughfares  should  be  kept  scrupu- 
lously clean.  Near  children's  schools,  near  in- 
stitutions, and  near  hospitals  the  streets  should, 
for  obvious  reasons,  be  swept  with  particular 
care,  and  be  arranged  with  a  view  to  perfect 
drainage.  In  all  advanced  schemes  for  the 
ventilation  of  buildings  the  fact  that  street  dirt 
is  injurious  to  health  is  taken  into  considera- 
tion, by  providing  special  means  for  screening 
and  filtering  the  air  supply  from  outdoors,  or 
by  washing  out  its  impurities.  Dirty  and  dusty 
streets  exercise  at  all  times  indirectly  a  baneful 
influence  upon  the  salubrity  of  habitations,  be- 
cause they  prevent  the  free  ventilation  of  liv- 
ing or  sleeping  apartments  by  the  opening  of 
windows. 

We  have  yet  much  to  learn  from  Continental 
cities,  which  are  far  ahead  of  ours  in  the  matter 


5 g  SANITARY  ENGINEERING. 

of  street  cleaning.  This  fact  is  generally  con- 
ceded by  all  Americans  who  have  travelled  with 
open  eyes  through  Europe,  and  who  have  ad- 
mired the  tidy  and  well-kept  streets  of  some  of 
its  capitals.  It  is  a  matter  beyond  comprehen- 
sion to  me  how  the  mayor  of  a  large  American 
city,  after  returning  from  a  trip  to  England 'and 
the  Continent,  could  have  stated,  as  the  news- 
papers reported,  that,  in  the  matter  of  street 
cleaning,  American  cities  had  nothing  to  learn 
from  cities  like  Paris,  London,  Berlin,  or 
Vienna. 

The  work  of  street  cleaning  presents  difficul- 
t<es  which  are  not  easily  surmounted,  chiefly  on 
account  of  the  enormous  quantities  of  street 
refuse  to  be  removed  daily.  It  is  accomplished 
by  scraping,  sweeping,  washing  and  flushing. 
The  sweeping  may  be  done  by  hand  labor  with 
brooms,  or  else  by  the  use  of  special  machinery. 
Owing  to  the  greater  rapidity  with  which  work 
is  done  there  is  economy  in  using  the  best  ma- 
chinery, implements  and  tools  available.  Me- 
chanical sweepers  should  displace  hand  labor, 
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for  street  cleaning  by  hand  is  from  three  to  six 
times  as  expensive  as  cleaning  by  the  aid  of 
machines.  It  is  a  curious  fact  that  the  first 
street-cleaning  machine,  devised  by  Sir  Joseph 
Whitworth,  was  rejected  "  as  interfering  with 
the  labor  for  poor  people."  Street  sweeping 
should  always  be  done  without  stirring  up  dust 
and  dirt.  Hence,  water  is  needed  in  street- 
cleaning  operations,  and  all  streets  should  be 
sprinkled  before  sweeping. 

Carelessness  in  street  sweeping  should  not 
be  tolerated.  In  all  large  cities  street  cleaning 
should  be  preferably  done  at  night-time.  The 
method  of  cleaning  streets  by  washing  the  filth 
and  dirt  into  the  gutters  and  catch-basins,  and 
thence  into  the  street  sewers,  cannot  be  ap- 
proved, except  in  special  instances,  as  it  simply 
transfers  the  dirt  from  the  street  'surface  to  the 
catch-basin  and  the  sewer.  Dry  removal  of 
street  dirt  in  large,  well-built,  covered  carts  is 
much  to  be  preferred.  Horse-droppings  on  im- 
portant thoroughfares  should  always  be  picked 
up  at  once  and  removed  with  brushes  into  hand- 
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bags.  The  fact  should  be  noted  that  the  ex- 
tensive application  of  steam  and  electricity  to 
replace  horse  traction  in  surface  roads  tends  to 
reduce  the  amount  of  organic  street  dirt.  The 
ultimate  disposal  of  the  collected  street  refuse 
is  another  problem  which  may  present  diffi- 
culties in  large  cities  with  many  miles  of  pave- 
ments. 

REMOVAL    OF    ICE    AND    SNOW. 

A  problem  which,  in  winter  time,  taxes  the 
ingenuity  of  the  engineer  of  a  street-cleaning 
department  to  the  utmost,  is  the  removal  of  a 
sudden  fall  of  snow,  particularly  when  the  snow- 
storm is  accompanied  by  high  winds,  causing 
the  snow  to  collect  in  drifts.  The  snow  accu- 
mulating on  sidewalks  and  footpaths  must  be 
swept  off  by  the  adjacent  householders,  and 
fines  should  be  enforced  for  noncompliance 
with  the  city  ordinances.  The  snow  is  best 
removed  as  soon  as  the  storm  subsides,  for 
when  hard-trodden  the  mass  is  more  difficult  to 
handle.  Sidewalks  in  front  of  vacant  lots  or 
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unoccupied  houses  should  be,  under  all  circum- 
stances, included  in  the  city  regulations,  and  if 
their  owners  are  negligent,  the  cleaning  should 
be  done  by  the  city,  and  the  cost  assessed  upon 
the  property. 

The  removal  of  snow  from  the  carriage-way 
is  difficult  to  accomplish  when  the  fall  is  heavy. 
Few  persons  realize  the  enormous  quantities  to 
be  removed.  Street  railroad  companies,  after 
using  the  snow-plough  to  clear  their  tracks, 
should,  by  city  ordinance,  be  required  to  re- 
move that  portion  which  they  pile  up  outside 
of  the  tracks. 

The  mode  of  disposing  of  the  snow  varies 
according  to  the  location  of  a  city.  In  districts 
which  adjoin  a  river  or  canal,  or  a  harbor,  the 
snow  may  be  dumped  from  the  carts  into  the 
water.  In  some  cases  it  is  thrown  into  the 
sewer  man-holes.  Owing  to  the  fact  that  snow 
from  frequented  thoroughfares  is  generally 
mixed  with  street  mud  and  road  scrapings,  the 
former  method  is  often  objectionable,  as  it 
causes  the  harbor  or  water-course  to  silt  up, 
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and  necessitates  dredging ;  and  the  second 
method  should  only  be  adopted  if  the  sewers 
are  simultaneously  flushed  with  large  quantities 
of  water,  otherwise  it  leads  to  deposits  of  mud 
in  the  sewer  inverts.  Melting  the  snow  by 
fires  or  by  steam  jets  has  been  tried,  but  it  is  a 
slow  and  expensive  proceeding.  The  use  of 
salt  to  hasten  the  melting  of  snow  is  quite  ob- 
jectionable, as  it  causes  a  deep  slush,  and  should 
only  be  tolerated  when  the  slush  is  at  once 
swept  into  the  street  gutters.  Salting  side- 
walks or  car  tracks  is  very  objectionable,  from 
a  health  point  of  view,  as  the  mixture  causes 
much  cold  dampness,  ruins  pedestrian's  clothing 
and  shoes,  is  injurious  to  horses'  hoofs,  and 
causes  the  feet  to  be  severely  chilled,  inducing 
colds,  pneumonia,  or  the  grippe. 

STREET    SPRINKLING. 

In  summertime,  and  in  dry  weather  generally, 
city  streets  should  be  sprinkled,  to  cool  the  air 
in  hot  weather  and  to  keep  down  the  street 
dust  with  its  many  annoyances  and  inconveni- 
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ences.  Street  sprinkling  is  accomplished  largely 
by  means  of  watering-carts  or  vans,  but  some- 
times hose  jets  are  used,  or  the  street  is  watered 
by  means  of  perforated  pipes  on  wheels,  at- 
tached directly  to  the  street  hydrants.  The 
latter  method  is  particularly  adapted  to  well- 
kept,  impermeable  asphalt  pavements.  The 
beneficial  effect  of  street  sprinkling  upon  the 
air  is  very  marked ;  the  air  is  washed  of  im- 
purities, it  becomes  refreshed,  and  a  feeling  of 
relief  is  experienced  similar  to  that  after  a 
thunder  shower.  It  is  a  mooted  point  whether 
street  sprinkling  should  be  done  by  the  city 
from  a  general  improvement  fund,  or  by  pri- 
vate firms  or  corporations  paid  by  the  owners  of 
property  on  such  streets.  I  cannot  see  why 
street  sprinkling  should  not  be  looked  upon 
as  a  part  of  the  general  street-cleaning  system. 
The  general  traffic  and  pedestrians  are  certainly 
benefited  by  it  quite  as  much  as  the  owners  of 
the  property  bordering  on  the  street.  It  has 
been  suggested  in  seaboard  towns  to  water  the 
streets  with  sea  water,  and  the  matter  seems 
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well  worth  trying,  as  it  reduces  the  demand 
made  upon  the  general  city  water  supply  in 
periods  of  drought,  and  also  because  salt  water 
keeps  the  street  surface  damp  for  a  greater 
length  of  time. 

CLEANSING     FOOTWAYS    AND    SIDEWALKS STREET 

CROSSINGS GUTTERS. 

The  sidewalks  of  streets  should-  be  kept  scrup- 
ulously neat  and  clean.  All  accumulation  of 
mud  should  be  avoided,  because  it  tends  to 
make  the  sidewalks  slippery.  In  winter  snow 
should  be  regularly  removed,  and  when  ice 
forms  it  should  be  covered  by  the  householders 
with  sand  or  ashes,  to  prevent  accidents  and  to 
avoid  damage  suits. 

All  street  crossings  need  the  particular  atten- 
tion of  the  street  cleaners.  They  should  be 
cleaned,  swept,  and  the  mud  raked  off,  and  dur- 
ing snowfalls  they  ought  to  receive  attention 
first,  so  as  to  re-establish  the  regular  street 
traffic  with  as  little  delay  as  possible. 

The  maintenance  of  the  street  gutters  is  par- 
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ticularly  important  from  a  sanitary  point  of  view. 
Filthy  gutters  in  hot  weather  are  a  source  of 
danger  and  the  cause  of  noxious  odors.  They 
should  be  swept  daily  and  kept  unobstructed, 
to  secure  a  rapid  drainage  of  the  street  surface  ; 
there  should  be  no  pools  of  stagnant,  offensive 
liquids  in  the  gutters  ;  they  should  be  kept  im- 
pervious, to  avoid  leakage  into  the  sub-soil  or 
into  cellars,  and  they  should  have  a  continuous 
grade  to  the  nearest  sewer  inlet.  After  snow- 
falls, gutters  and  inlets  of  catch-basins  must 
be  kept  clear,  so  that  when  a  thaw  occurs  there 
will  be  no  flooding,  rendering  street  crossings 
impassable. 

REMOVAL    OF    REFUSE GARBAGE   DISPOSAL SCAV- 
ENGING. 

While  sewers  are  intended  to  remove  from 
habitations  all  liquid  and  semi-liquid  organic 
matters,  the  solid  refuse  of  the  city,  of  its  houses 
and  streets,  comprising  ashes,  offal,  garbage, 
house-sweepings  and  street  refuse,  must  be  re- 
moved by  cartage.  Sir  Robert  Rawlinson,  one 
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of  the  foremost  sanitary  engineers  of  England, 
calls  scavenging  one  of  the  important  features 
of  city  sanitary  engineering.  In  dealing  with 
this  problem  distinction  is  often  made  between 
regular  and  special  refuse.  It  would  be  tedious, 
doubtless,  if  I  were  to  enter  into  the  subject 
fully,  enumerating  at  length  what  constitutes 
ordinary  house  refuse.  I  shall,  therefore,  merely 
state  that  all  house  refuse  should  be  divided 
into  two  distinct  kinds,  viz. :  garbage  and  ashes, 
the  former  largely  organic,  the  latter  inorganic, 
masses. 

Scavenging  deals  not  only  with  house  refuse, 
but  also  with  street  refuse ;  with  stable,  garden 
and  trade  refuse ;  with  market  refuse,  builders' 
rubbish  and  with  the  mud  accumulating  in  street 
or  catch-basins.  House  refuse,  paper  and  litter, 
should  never  be  deposited  in  the  roadway,  nor 
should  any  of  it  be  thrown  into  sewer  man-holes 
or  catch-basins.  Pending  removal,  house  gar- 
bage and  rubbish  should  be  stored  in  dust-bins 
or  in  barrels  and  ash-cans,  and  it  is  essential,  and 
by  no  means  difficult  to  enforce,  that  separate 
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vessels  be  provided  by  householders  for  the 
garbage  or  swill,  and  the  ashes  and  sweepings. 
Large  fixed  receptacles  for  temporary  retention 
are  not  as  desirable  as  small  portable  pails  or 
cans,  except,  possibly,  for  large  tenement  houses. 

The  garbage  pails  should  be  of  non-absorb- 
ent material,  and  ash-cans  should  not  be  of 
wood,  but  of  iron,  to  avoid  danger  of  fire  from 
hot  ashes.  All  receptacles  should  be  provided 
with  tight-fitting  covers,  so  that,  when  they  are 
placed  on  the  sidewalk  near  the  curb  just  before 
the  scavenging  cart  arrives,  the  ashes  may  not 
be  scattered  by  the  wind,  and  the  swill  and  offal 
may  not  offend  the  senses  of  passers-by  when 
exposed  to  the  rays  of  a  hot  July  sun.  I  can- 
not discuss  the  details  of  the  removal,  except  to 
say  that  it  should  be  done  at  regular  hours  at 
all  times,  and  that  garbage  must  be  more  fre- 
quently removed  in  summer  than  in  winter,  to 
avoid  the  emanations  due  to  rapid  decay. 

The  city  should,  of  course,  provide  separate 
garbage  and  ash  carts  of  solid  construction  and 
fitted  with  covers,  to  avoid  a  street  nuisance  dur- 
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ing  transportation.  In  summertime  household- 
ers may  help  to  reduce  the  amount  of  offal  to  be 
disposed  of  by  drying,  carbonizing  and  burning 
some  of  the  house  garbage  in  the  kitchen  range. 
Regarding  the  ultimate  disposal  of  city 
refuse,  it  is  found  by  experience  that  much  of 
it  may  be  utilized,  after  sifting  and  separating 
the  coarser  from  the  finer  materials.  This  sort- 
ing of  the  contents  of  ash  and  garbage  barrels 
should  never  be  permitted  to  be  done  in  the 
streets.  The  city  refuse  dumps  are  the  places 
to  which  ragpickers  should  be  relegated.  All 
dirt,  as  Lord  Palmerston  said,  is  merely  "  mat- 
ter in  the  wrong  place."  While  ashes,  cinders 
and  clinkers  may  be  utilized  for  the  filling  up  of 
sunken  lots  or  for  making  river  banks  or  roads 
and  pathways,  no  garbage  should  be  so  used  or 
mixed  in  any  way  with  ashes.  Horse  droppings 
from  streets  are  salable  as  manure,  and  some 
part  of  the  house  offal  can  be  disposed  of  to 
farmers  for  like  uses.  But  whatever  cannot  be 
utilized  in  some  way,  must  be  removed  by  rail  or 
by  water.  In  harbor  towns,  city  refuse  is  taken 
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in  specially  constructed  hopper  barges  far  out 
to  sea,  and  dumped  into  deep  water.  This 
mode  of  disposal  is  not  always  desirable  or 
feasible,  as  it  may  lead  to  a  defilement  of 
the  beaches  and  bathing  resorts  near  the  city. 
There  is  little  doubt  that  destruction  of  gar- 
bage by  the  all-purifying  element — fire — is  one 
of  the  best  if  not  the  best  method  from  a  sani- 
tary point  of  view.  Various  refuse  cremators 
have  been  contrived,  which  are  operated  suc- 
cessfully without  causing  a  nuisance  by  the 
smoke  and  gases  from  the  furnace.  The  ashes 
resulting  from  cremation  have  some  value  as 
fertilizers,  particularly  where  sewage  sludge  or 
nightsoil  is  mixed  with  the  refuse. 

The  cleaning  of  earth  closets,  privies,  ash- 
pits, cesspools,  vaults,  and  sewer  catch-basins  is 
also  a  part  of  the  city  scavenging,  but  it  would 
lead  me  too  far  to  discuss  the  same. 

THE    LAYING    OUT    OF    CITIES    AND    TOWNS. 

The  municipal  and  sanitary  engineer's  ser- 
vices become  of  paramount  value  in  the  laying 
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out  of  cities  and  towns.     This  complex  problem 
arises  : 

(1)  When  new  towns  are  founded. 

(2)  When,  owing  to  the  tendency  of  men  to 
congregate  in  cities,  these  grow  so  quickly  as  to 
require  the  extension  of  their  limits  by  the  addi- 
tion of  new  outlying  districts. 

(3)  When  the  alteration  of  the  older  parts  of 
a    city    becomes    necessary,     owing   to    the  in- 
creased internal  traffic  which  requires  the    ex- 
tension  or  widening  of  streets,  or  when,  as  in 
European   cities,    the  abolishment   of  fortifica- 
tions in   old  towns  and  the  tearing  down  and 
planing  off  of  fortified  walls  causes   a   sudden 
growth  and   expansion   of  the   town,  and  calls 
for  a  reconstruction  of  its  narrow  streets,  simul- 
taneously with  the  building  up  of  its  outer  dis- 
tricts. 

In  all  such  cases  the  actual  work  of  exten- 
sion, in  whole  or  in  part,  should  be  carried  out 
under  a  general,  well-considered  plan,  and 
under  the  guidance  of  certain  practical  as  well 
as  aesthetic  principles.  We  must  confess,  at 
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the  outset,  that  little  work  of  the  kind  has,  in 
the  past,  been  done  in  the  United  States  in  the 
way  suggested,  for,  as  a  rule,  American  cities 
grow  in  a  haphazard  fashion  and  often  so 
quickly  as  to  render  the  study  of  the  problem 
and  the  preparation  of  plans  out  of  the  question. 
For  a  learned  and  systematic  consideration 
of  the  practical  and  aesthetic  principles  involved 
in  town  building  and  street  planning  we  are 
largely  indebted  to  the  works  of  my  esteemed 
former  teacher  of  civil  engineering,  Professor 
R.  Baumeister,  of  the  Carlsruhe  Polytechnic 
School ;  to  the  elaborate  work  on  the  same  sub- 
ject by  Baurath  J.  Stubben,  City  Engineer  of 
Cologne,  Germany ;  and  to  the  studies  and 
labors  of  two  eminent  German  architects,  Herr 
Camillo  Sitte,  of  Vienna,  and  Professor  Karl 
Henrici,  of  the  Polytechnic  School  of  Aachen. 
While  Baumeister  and  Stubben  deal  with  the 
subject  more  from  an  engineering  and  health 
point  of  view,  Sitte  and  Henrici  discuss  street 
architecture  chiefly  from  the  position  of  the 
aesthetic  and  the  landscape  architect. 
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In  matters  of  street  architecture  there  is  a 
vast  difference  between  European  and  Ameri- 
can cities.  The  former  are,  as  a  rule,  much 
more  interesting,  the  sights  are  grander,  the 
street  perspectives  are  more  beautiful  and  ever- 
changing,  the  impressions  of  the  vivid  and 
varied  traffic  are  more  lasting ;  monumental 
buildings  are  placed  to  better  advantage  ;  water- 
ways are  more  picturesque,  and  more  glimpses 
are  afforded  of  gardens,  parks  and  rows  of  trees 
used  for  the  ornamentation  of  the  streets. 
Compared  with  European  streets  the  Ameri- 
can city  streets  lack  architectural  effects  ;  we 
have  too  many  dull,  stupid  and  monotonous 
rows  of  houses,  each  house  being  identical  with 
its  neighbours,  and  in  the  business  portions  the 
ugly  sky-scrapers  of  many  stories  shut  out  the 
light  of  day,  the  blue  of  the  sky,  and  the  pure 
air  of  heaven,  while  there  is  a  lack  of  prospects 
and  outlooks  of  ever-varying  views,  and  of  ex- 
pressions and  impressions  of  beauty.  In  all 
this,  I  firmly  believe,  we  have  very  much  to 
learn  from  the  older  cities  of  Europe. 
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The  planning  of  extensions  of  existing  cities 
and  the  laying  out  of  new  towns  require  a  very 
careful  consideration  of  the  numerous  engineer- 
ing works  located  both  above  and  below  the 
street  surface,  and  of  the  constructive,  sanitary 
and  aesthetic  features  of  streets,  squares,  and 
buildings.  Broadly  speaking,  the  requirements 
relate  to  traffic,  to  building,  and  to  sanitation. 
It  is  fortunate  that  in  street  planning  and  street 
architecture  the  aesthetic  and  art  requirements 
coincide  with  the  requirements  of  hygiene. 
Everything  in  this  line  which  helps  to  embellish 
a  city  has  also  sanitary  advantages.  I  there- 
fore crave  the  pardon  of  my  readers  if,  in  the 
following,  I  mention  matters  which  at  first  blush 
may  appear  to  be  more  of  an  architectural 
nature,  or  to  belong  to  landscape  rather  than 
to  sanitary  engineering. 

In  developing  the  plan  of  a  city  we  should 
consider  the  mode  of  living  of  the  inhabitants 
and  the  character  of  its  habitations  and  other 
buildings.  Regarding  dwelling-houses,  we  may 
distinguish  the  open  or  detached,  and  the 
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closed,  block,  or  terrace  arrangement  of  houses. 
A  city  may  generally  be  divided  into  several 
districts,  such  as  (a)  the  manufacturing  dis- 
tricts, with  factories,  industrial  establishments, 
warehouses  for  wholesale  trade,  and  bonded 
warehouses ;  (6)  the  workingmen's  districts, 
comprising  laborers'  dwellings  or  cottages,  and, 
in  some  cities,  the  tenement-house  districts,  al- 
though it  is  to  be  hoped  that  tenement-houses 
will  ultimately  disappear,  and  that  the  aggrega- 
tion of  large  numbers  of  people  into  small, 
dark,  overcrowded  and  unhealthful  apartments 
will  cease  ;  (c)  the  shopping  districts,  contain- 
ing the  large  shops  and  stores,  generally  lo- 
cated on  the  main  thoroughfares  of  traffic,  and 
constituting  the  retail  business  section  of  cities ; 
(cf)  the  business  section  proper,  including  the 
centers  of  wholesale  and  general  business,  the 
exchanges,  the  banks,  the  chamber  of  com- 
merce, the  post-office  ;  (e)  the  sections  in  which 
the  railroad  terminals  are  located,  including 
travellers'  headquarters,  hotels,  express  offices, 
etc.;  (f)  the  residential  districts,  comprising 
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the  mansions  of  the  rich  and  the  dwellings  of 
the  well-to-do  people. 

In  laying  out  the  principal  thoroughfares  on 
the  general  plan,  we  should  carefully  consider 
the  size,  character,  and  the  centers  of  traffic,  as 
well  as  the  radial,  diagonal,  longitudinal,  and 
belt  traffic.  We  should  make  provision  for  the 
traffic  on  foot,  for  heavy  truck  or  wagon  traffic, 
for  carriage,  cab,  and  hack  traffic,  for  eques- 
trians, for  stage  lines,  and  tramways,  whether 
propelled  by  cables,  electricity,  or  by  horses  ; 
finally,  we  should  include  the  steam  railroads 
and  transportation  by  water,  and  endeavor  to 
establish  some  well-considered  system  in  the 
traffic  of  a  city. 

The  principal  axiom  to  be  followed  is  that 
city  streets  should  be  laid  out  not  only  for 
traffic,  but  also  with  an  eye  to  permanent 
beauty,  by  bringing  architectural  structures  and 
sculptural  monuments  into  agreeable  position 
or  into  effectual  grouping.  The  requirement 
that  engineering  and  landscape  architecture  are 
to  be  combined  should  never  be  lost  sight  of  in 
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street  planning.  It  is  of  still  greater  impor- 
tance in  the  laying  out  of  boulevards  and  of 
parks,  drives  and  speedways. 

The  width  of  streets  should  be  determined 
according  to  their  importance  or  the  probable 
amount  of  traffic.  The  grade  or  longitudinal 
profile,  the  cross  section  of  the  street,  its  sur- 
face drainage,  the  facility  for  building,  all  these 
matters  should  be  considered. 

The  rectangular  system  of  streets,  so  preva- 
lent in  American  cities,  does  not  merit  approval 
on  aesthetic,  much  less  on  practical,  grounds. 
In  a  skilfully  laid  out  network  of  city  streets, 
straight  lines  of  too  great  length  are  avoided 
as  being  very  monotonous  and  as  wearying  the 
eye  ;  gentle  curves  or  variations  in  the  width 
help.  Intersections  of  thoroughfares  should  be 
utilized  and  set  aside  for  public  buildings,  such 
as  railroad  stations,  theatres,  churches,  museums, 
banks,  telegraph  and  post  offices,  court-houses 
and  markets.  Schools  and  hospitals  should  be 
relegated  to  the  quieter  side  streets.  Likewise 
should  the  street  perspectives  be  beautified  by 
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artificial  ornaments,  monuments,  and  sculptural 
works  set  with  a  good  background,  or  graceful 
statues,  or  by  water  jets  and  fountains,  or  by 
arcades.  On  important  street  crossings  and 
squares  there  should  be  provided  landing  places 
affording  safety  for  pedestrians  crossing  a  thor- 
oughfare crowded  with  vehicles,  and  these  land- 
ing places  may  be  adorned  with  candelabras  or 
with  pavilions,  with  fountains  or  public  seats 
and  benches,  or  with  graceful  shrubbery.  The 
intersection  of  important  streets  should  be  util- 
ized for  squares,  and  the  artistic  embellishment 
of  these  should  always  be  considered.  Advan- 
tage should  be  taken  of  the  natural  configura- 
tion of  the  ground  in  the  laying  out  of  streets. 
The  uneducated  eye  must  be  taught  to  appre- 
ciate the  beauty  of  undulating  ground,  in  which 
opportunity  is  afforded  to  look  down  from  the 
high  points  on  beautiful  layouts  of  commons, 
on  public  parks,  or  to  look  up  from  the  lower 
points  to  buildings  or  monuments  on  command- 
ing sites.  The  beauty  of  many  an  imposing 
architectural  structure  is,  in  American  cities, 
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lost,  owing  to  the  impossibility  of  looking  up 
to  the  building. 

The  division  of  the  cross-section  of  wide 
streets  into  footpath,  roadway  and  boulevard, 
offers  opportunity  for  landscape  effects  by  pro- 
viding special  promenades  in  the  center,  with 
rows  of  shade  trees  or  shrubbery  and  flower- 
beds, and  the  traffic  may  be  benefited  by  sep- 
arating the  carriages,  the  horseback  riders  and 
the  heavy  teams  and  trucks. 

Regarding  the  proposed  width  of  streets  and 
the  distance  between  streets  or  the  depth  of  the 
blocks,  it  should  be  noted  that  too  great  width 
of  carriage-way  is  undesirable,  as  it  tends  to  in- 
crease the  dust  and  dirt  and  the  cost  of  street 
maintenance.  Likewise  should  the  distance 
between  streets  be  limited,  for  very  deep  blocks 
are  undesirable  and  lead,  where  the  land  is 
valuable,  to  a  building  up  of  the  interior  of 
blocks  with  rear  dwellings,  or  with  factories, 
work-shops  and  storage  buildings.  All  build- 
ings should  have  a  frontage  on  the  public  street, 
and  the  rear  part  of  lots  should  be  utilized  for 
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yards ;  or  better,  the  center  of  the  block  may 
be  laid  out  in  well-kept  private  gardens  or  pleas- 
ure grounds,  with  low  and  open  dividing  lat- 
tice fences,  or  else  all  the  yards  in  a  block  may 
be  combined  into  one  large  open  space,  with 
drying  yard,  playground  and  lawn,  thus  provid- 
ing plenty  of  pure  air  and  daylight  to  the  rear  of 
our  dwellings.  The  ideal  mode  of  building  from 
a  sanitary  point  of  view  is  the  detached  method, 
but  it  is  only  adapted  to  the  suburbs  and  outly- 
ing villa  districts  of  cities. 

Public  squares  in  cities  may  serve  either  for 
general  traffic  or  for  meeting  places ;  for  markets, 
for  approaches  to  prominent  buildings,  such  as 
city  halls,  churches,  synagogues,  theatres,  mu- 
seums of  art  and  of  natural  history,  or  schools, 
or  else  they  are  intended  for  adornment  and 
as  locations  for  monuments.  Open  squares  in 
cities  have  a  distinct  sanitary  value,  because 
they  afford  breathing  spaces.  If  they  are  laid 
out  as  a  public  garden,  common  or  park,  with 
lawns  and  flower-beds,  shrubs  and  trees,  benches 
and  seats,  they  afford  opportunity  for  recrea- 
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tion,  constitute  playgrounds  for  city  children, 
and  promote  the  healthfulness  of  a  city  by 
lessening  the  street  dust,  removing  the  street 
noise,  and  by  maintaining  a  purer  atmosphere. 
Squares  and  parks  are,  therefore,  aptly  termed 
the  "  lungs  of  a  great  city." 

In  addition  to  promenades  liberally  planted 
with  trees,  and  open  spaces  and  public  gardens, 
a  large  city  should  have  public  parks  and  airing 
grounds,  to  afford  its  inhabitants  opportunity 
for  taking  exercise  in  the  open  air.  Where 
possible,  the  parks  should  be  connected  by 
boulevards,  and  these,  laid  out  by  a  clever 
landscape  artist,  may  afford  pretty  outlooks  on 
the  city,  onto  the  broad  expanse  of  its  surround- 
ings, or  a  distant  view  of  the  water. 

As  regards  their  location  in  relation  to  the 
plan  of  the  city,  all  public  and  important  busi- 
ness buildings  and  structures  may  be  divided 
into  three  classes.  The  first  class  embraces 
buildings  which  are  business  centers  and  which 
centralize  the  traffic,  such  as  city  halls,  court- 
houses, exchanges  and  bourses,  banks,  main 
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post-offices,  houses  of  parliament,  or  capitol 
buildings,  judicial  buildings,  municipal  govern- 
ment buildings,  halls  of  record,  telegraph  and 
telephone  headquarters,  hotels,  museums,  libra- 
ries, terminal  depots,  railroad  stations,  ferry- 
houses,  and  docks  for  arrival  and  departure  of 
steamships.  To  the  second  class  of  buildings 
belong  those  which  have  a  tendency  to  dis- 
tribute traffic,  such  as  sub-stations  of  post-offi- 
ces, public  telegraph  and  telephone  stations, 
churches,  schools,  police  stations,  open  and 
covered  market  halls,  exhibition  buildings,  thea- 
tres, circus,  concert  halls,  club-houses,  other 
places  of  amusement,  fire-engine  houses,  armo- 
ries, people's  public  baths  and  wash  houses, 
asylums,  livery  stables,  also  buildings  in  public 
parks.  The  third  class  consists  of  buildings 
which  should  be  confined  as  much  as  possible 
to  special  outlying  sections  of  a  city,  and  of  these 
I  mention  military  barracks  and  military  drill 
grounds,  jails  and  prisons,  hospitals,  reforma- 
tories and  orphan  asylums,  cemeteries  and 
mausoleums,  abattoirs  and  slaughter-houses, 
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cattle  and  stock-yards,  noxious  trades,  gas  works, 
waterworks  pumping  stations,  reservoirs,  stand- 
pipes,  settling  and  filtering  basins,  sewage  pump 
and  disposal  works,  garbage  dumps  and  the  like. 

In  European  cities  generally  much  more  at- 
tention is  paid  to  a  good  and  suitable  selection 
of  sites  for  monumental  and  public  buildings 
than  here.  It  is  unusual  to  find  a  church,  or  a 
theatre,  or  a  school  located  in  the  middle  of  a 
block.  Open  spaces  on  at  least  three  sides  are 
required  for  churches,  museums,  schools,  hos- 
pitals and  theatres,  with  the  incidental  advan- 
tage of  gaining  better  light  and  air  and  better 
approaches  to  the  buildings,  and  of  having  bet- 
ter and  more  numerous  exits  in  case  of  danger 
from  fire  or  a  panic. 

The  water  fronts  of  harbor  towns  or  of  cities 
situated  on  the  banks  of  a  river  are  also  worthy 
of  embellishment  and  improvement.  Much  re- 
mains to  be  accomplished  in  American  cities  in 
this  respect,  for  here  the  water  fronts  are  usually 
the  least  attractive  portion  of  a  city,  whereas  in 
cities  of  the  continent  the  reverse  is  often  the 
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case.  Water-courses  or  canals  flowing  through 
the  heart  of  cities  should  be  kept  clean,  and 
may  serve  to  beautify  the  same,  if  all  liquid  or 
solid  filth  is  carefully  excluded,  if  the  banks  are 
rectified  and  protected,  if  they  are  hemmed  in 
by  well-built  stone  embankments,  with  gardens 
or  parkways,  and  if  picturesque  and  ornamental 
bridges  are  carried  over  the  same.  Natural 
coves  or  basins  may  be  made  points  of  great 
attraction,  as  every  one  will  concede  who  has 
ever  seen  the  beautiful  Alster-basin  in  the  city 
of  Hamburg,  Germany,  with  its  boulevards 
and  garden-banks,  its  hundreds  of  row-boats, 
sail-boats,  and  little  steamers  on  the  water, 
travelling  to  and  fro,  and  enlivening  the  land- 
scape. 

Some  general  and  sanitary  requirements  of  a 
well-studied  city  improvement  plan  are  the  fol- 
lowing :  good  location  ;  protection  against  high 
water  and  floods  of  rivers  ;  dryness  and  cleanli- 
ness of  building  soil;  ample  means  for  traffic,  on 
land  and  by  water ;  facility  for  future  enlarge- 
ment ;  ample  public  squares,  gardens  and 
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parks  ;  well-lighted  streets  and  well-laid  and 
well-kept  pavements  ;  perfect  drainage,  sewer- 
age and  sewage  disposal ;  easy  mode  of  re- 
moval of  refuse  and  destruction  of  garbage ; 
healthful  habitations ;  freedom  from  soil  con- 
tamination ;  prevention  of  pollution  of  rivers, 
lakes,  coves  or  water-courses ;  pure  drinking 
water  supply  and  ample  supply  of  water  for  all 
other  purposes  ;  ample  provision  for  plenty  of 
light  and  air  in  the  streets,  in  the  centers  of 
house-blocks  and  in  the  habitations  ;  avoidance 
of  smoke  nuisance,  and  noiselessness  of  streets. 
The  execution  of  the  improvement  or  enlarge- 
ment plan  for  a  city  requires  a  large  number  of 
well-devised  engineering  and  architectural  struc- 
tures, above  as  well  as  below  the  street  surface. 
For  purposes  of  a  water  supply  a  city  needs  a 
distributing  system  of  pipe  mains  with  shut-offs, 
house  taps,  street  hydrants  for  fire  department 
use  and  for  washing  and  sprinkling  the  gutters 
and  streets ;  also  public  drinking  fountains, 
horse-watering  troughs,  ornamental  fountains, 
etc.  For  purposes  of  sewerage  the  city  requires 
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underground  pipes  and  masonry  conduits,  man- 
holes, inlets,  flush-tanks,  house  connections, 
gutters,  catch-basins ;  also  public  urinals  and 
public  water-closet  accommodations.  Then 
again,  a  city  requires  means  and  facilities  for 
public  street  and  house  lighting  by  either  gas 
or  electricity,  involving  a  distributing  system 
of  gas  pipes,  mains,  sub-mains  and  branches, 
valves  and  siphon  boxes ;  house  and  street 
lamp  services,  street  lamps  and  candelabras, 
and,  on  the  other  hand,  electric  wires  or  cables, 
subways  and  electric  light  poles.  For  facilitat- 
ing intercommunication,  a  city  requires  tele- 
phone and  telegraph  wires  for  the  public,  for 
the  police  and  fire  departments,  with  fire-alarm 
boxes,  telegraph  and  telephone  stations,  and 
pneumatic  conduits  for  parcels  and  mail  service. 
Other  underground  conduits  for  the  distribu- 
tion of  light,  heat  and  power,  comprise  steam 
mains,  pipes  for  water,  fuel  or  natural  gas,  con- 
duits for  hot  water  and  for  compressed  air, 
electric  cables,  and  pipes  for  distribution  of  cold 
refrigeration.  On  the  street  surface  the  traffic 
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requires  pavements  for  carriages  and  trucks  ; 
sidewalks  for  pedestrians ;  roads  for  eques- 
trians ;  horse,  electric  and  cable  roads,  with 
their  underground  cable  and  trolley  wire  con- 
duits— overhead  wires  should  not  be  counten- 
anced— elevated  roads  and  underground  rail- 
roads, etc. 

The  street  traffic  of  a  city  also  requires  cer- 
tain accessories  for  public  information  and 
public  convenience,  such  as  house-numbers, 
street-signs,  warning-signs  at  grade  crossings 
(I  may  say  here  that  railroad  crossings  on  a 
level  with  streets  should  be  abolished  in  well- 
laid-out  cities),  street  clocks,  columns  for  adver- 
tising purposes,  fire-alarms,  signal  boxes,  col- 
umns for  weather  indications,  waiting  pavilions 
for  street  railways  or  steamers,  public  conven- 
iences, lamp-posts,  letter-boxes,  news-stands 
and  pavilions  for  sale  of  refreshments,  music 
pavilions,  seats  and  benches,  etc.  There  is 
no  reason  why  these  utilitarian  devices  should 
not  serve  as  tasteful  embellishments  of  our 
streets  and  be  designed  in  an  artistic  manner. 
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It  is  finally  necessary  that  a  city  improvement 
plan  be  carried  out  in  accordance  with  well- 
framed  building  and  sanitary  regulations.  Such 
building  regulations  refer  principally  to  con- 
struction and  stability,  to  safety  from  fire,  to 
traffic  considerations,  and  to  healthfulness  of 
buildings.  Those  relating  to  the  salubrity  of 
buildings,  and  to  maintenance  of  the  public 
health,  are  doubtless  of  the  greatest  impor- 
tance. The  rules  should  limit  the  size  of  the 
area  of  lots  available  for  building  ;  they  should 
regulate  the  height  of  buildings  in  proportion 
to  the  width  of  the  street,  to  secure  light,  air 
and  sunshine  to  the  houses.  They  should  con- 
trol the  period  when  newly-finished  dwellings 
are  to  be  occupied,  and  should  prohibit  cellar 
habitations.  Other  regulations  should  have 
reference  to  the  filling-in  material  used  for  low 
building  lots,  to  the  drainage  of  low  land  sub- 
ject to  overflow,  to  the  maintenance  of  cleanli- 
ness on  vacant  lots  in  cities,  to  factories,  work- 
shops, stores,  and  to  noxious  trades,  to  schools, 
places  of  assembly  like  theatres,  lecture  halls 
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and  churches.  In  order  to  facilitate  building 
operations,  it  may  be  wise  to  apply  building 
regulations  of  less  severity  to  the  outer  districts 
of  a  city,  or,  in  other  words,  to  arrange  for 
several  distinct  building  zones. 

The  engineering  works  enumerated  and  de- 
scribed form  together  a  large  sanitary  system, 
which  must  be  planned  by  sanitary  engineers 
to  establish  safeguards  for  the  public  health  in 
centers  of  population,  and  which,  assisted  by  a 
wise  sanitary  administration,  helps  to  diminish 
the  death-rate  of  a  city. 

SANITATION    OF    TOWNS. 

Matters  connected  with  the  general  sanita- 
tion of  towns,  which  I  am  only  able  to  scan  very 
briefly,  are  the  relations  of  sunlight  and  sun 
warmth  to  health,  the  avoidance  of  outdoor 
and  indoor  dust,  the  prevention  of  the  pollution 
of  town  air  by  smoke,  vapors  and  fumes,  the 
planting  of  trees  in  wide  streets,  the  laying  out 
of  gardens,  public  squares  and  city  parks  and 
their  sanitary  benefit  to  the  town  dwellers,  the 
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means  of  transportation,  storage  and  sale  of  the 
food  supply,  and  other  topics.  Other  sanitary 
problems  refer  to  city  graveyards,  cemeteries, 
mausoleums,  crematories  and  other  modes  of 
preservation  and  disposal  of  the  dead,  to  the 
drainage  of  swamps  and  malarious  districts,  the 
prevention  of  inundations  and  storm-floods  and 
of  drought,  the  sanitary  influence  of  forests,  the 
benefits  due  to  forest  culture,  and  the  objects  of 
city  and  village  improvement  and  sanitary  asso- 
ciations, all  of  which  will  at  some  time  engage 
the  sanitary  engineer's  attention. 

SANITARY     ENGINEERING      IN      RELATION     TO 
HABITATIONS. 

The  sanitary  engineer's  duties  in  relation  to 
habitations  and  the  problems  arising  therefrom 
are  many  and  complex  ones.  The  sanitation  of 
the  dwelling,  the  protection  of  buildings  against 
the  elements,  the  problem  of  housing  the  poor, 
tenement-house  reform,  the  sanitary  features  of 
schoolhouse  construction,  the  proper  planning 
and  arrangement  of  hospitals,  of  prisons,  jails, 
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and  military  barracks,  the  establishment  of  peo- 
ple's baths  in  populous  city  districts  to  further 
bodily  cleanliness  and  health  of  the  working 
people,  the  arrangement  of  markets  and  of 
abattoirs,  the  disposal  of  dead  animals,  the  con- 
struction of  mortuaries  and  city  morgues,  the 
fire  protection  of  buildings  and  of  cities,  the 
safety  of  audiences  in  theatres,  and  general 
theatre  hygiene — these  are  all  matters  pertain- 
ing in  whole  or  in  part  to  sanitary  engineering. 

Industrial  hygiene,  the  sanitation  of  work- 
shops, the  prevention  of  machinery  accidents  in 
manufacturing  establishments,  the  regulation  of 
noxious  and  offensive  trades,  the  abolishment 
of  public  nuisances,  the  healthfulness  of  sum- 
mer hotels  and  summer  resorts,  present  prob- 
lems which  it  is  often  the  business  of  the  sani- 
tary engineer  to  solve. 

The  hygiene  of  the  travelling  public  requires, 
not  only  provision  of  comforts  and  conven- 
iences, but,  above  all,  of  safety  and  cleanliness. 
In  hotels  this  means  unobstructed  fire  escapes 
and  fireproof  stairs,  located,  not  around,  but 
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away  from,  the  elevator  shafts  ;  perfect  cleanli- 
ness of  rooms,  beds  and  bedding;  bathing  facili- 
ties, well-kept  toilet  rooms,  safety  from  sewer  gas 
in  sleeping  apartments,  freedom  from  coal  gas 
due  to  stove  dampers,  avoidance  of  gas  leaks  due 
to  defective  gas  fixtures;  and  the  filtering  of  the 
water  supply,  and  in  particular  of  the  table  water. 

RAILWAY    AND    SHIP    SANITATION. 

Public  conveyances,  in  which  travellers  are 
often  carried  for  long  distances  huddled  close 
together,  need  sanitation  as  much  as  our  homes. 
Surface,  street,  and  elevated  railroad  cars 
should  be  thoroughly  washed,  cleaned,  and 
aired  every  night.  The  ventilation  of  railroad 
coaches,  of  sleeping  cars,  of  railroad  tunnels,  of 
ferry-boats,  and  of  steamship  state-rooms  and 
berths  afford  sanitary  problems  which  are  not 
always  easy  to  solve.  The  luxurious  sleeping- 
cars,  in  particular,  could  be  much  improved  if 
more  attention  were  paid  to  cleanliness  and 
sanitation  rather  than  to  decoration  and  embel- 
lishment. Means  of  ventilating  cars  are  often 
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absent,  or,  where  they  are  provided,  they  are 
not  effective,  because  they  are  not  rightly  han- 
dled by  the  train  hands.  Among  more  palpa- 
ble defects  I  mention  defective  lighting,  over- 
heating, lack  of  cleanliness  and  of  ventilation ; 
unclean  water  tanks,  with  ice  and  water  of 
doubtful  purity,  and  often  mixed  together ;  bad 
arrangement  of  car  hoppers,  objectionable  wa- 
ter-supplied pan  closets  in  compartment  cars  of 
vestibule  trains,  etc.  There  is  in  all  cases 
some  danger  of  the  transmission  of  disease, 
such  as  typhoid  fever,  or  consumption,  by  the 
sputum  of  invalids.  Railway  and  ship  sanita- 
tion includes  much  more  than  this,  as  my  readers 
will  admit  when  I  recall  to  them  the  disgraceful 
and  unsanitary  condition  of  many  railroad  sta- 
tions, and  when  I  remind  them  of  the  crowded 
steerage  quarters  on  emigrant  vessels. 

SANITARY      INSPECTION     OF     BUILDINGS     AND 
BUILDING    SITES. 

A  large  part  of  the  practice  of  a  sanitary  en- 
gineer  refers  to  sanitary  inspections,  whether 
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examination  of  houses,  or  inspection  of  future 
building  sites  for  institutions,  or  sanitary  sur- 
veys of  cities  and  towns.  His  acquirements 
also  render  him  well  qualified  to  assist  in  draw- 
ing up  building  laws  and  sanitary  ordinances, 
to  see  to  their  proper  enforcement  in  the  posi- 
tion of  sanitary,  or  building,  or  factory  inspec- 
tor, or  to  prepare  in  the  office  sanitary  maps, 
profiles,  and  diagrams  of  mortality  in  its  rela- 
tion to  meteorological  and  sanitary  conditions. 

THE    SANITARY    ENGINEER'S    SERVICES  AS    EXPERT 
IN    THE    COURTS. 

Another  part  of  his  work  consists  in  render- 
ing expert  services  in  cases  of  litigation  pertain- 
ing to  sanitary  works  or  sanitary  patents.  To 
give  testimony  as  an  expert  witness  in  court  is 
not  always  an  agreeable  duty, 'particularly  un- 
der the  custom  prevalent  in  the  United  States, 
under  which  experts  are  engaged  by  both  the 
plaintiff  and  the  defendant.  It  is  far  prefera- 
ble, to  my  mind,  that  experts  be  retained  by 
the  court  only,  as  is  the  rule  in  some  European 
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countries.  I  also  hold  that  it  were  better  if  ex- 
perts in  sanitary  engineering  cases  were  con- 
fined to  testifying  to  facts  only,  and  not  re- 
quired to  answer  hypothetical  questions.  In 
any  case,  they  should  limit  themselves  to  tes- 
timony relating  to  sanitary  engineering  ques- 
tions, and  decline  to  enter  into  a  discussion  of 
problems  belonging  to  sanitary  science  or  the 
germ  theory  of  disease.  Even  a  well-qualified 
and  learned  sanitary  engineer  should  not  offer 
opinions  in  court  cases  as  to  what  may  or  may 
not  be  injurious  to  health.  He  should  leave 
this  to  the  medical  officers,  to  the  sanitarian  or 
the  biologist,  and  he  should  confine  himself  en- 
tirely to  the  constructive  side  of  such  works  as 
health  officers  require  for  prevention  of  illness 
or  to  increase  salubrity.  Viewed  in  this  light 
there  is  quite  a  distinction  between  a  sanitary 
engineer  and  a  sanitarian,  which,  in  cases  of 
litigation,  the  judge,  as  well  as  the  attorneys 
who  plead  the  case,  should  recognize. 
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SANITARY  ENGINEERING  IN  CASE  OF  EPIDEMICS,  IN 
TIME  OF  WAR,  AND  IN  SUDDEN  CALAMITIES. 

Then,  again,  I  must  mention  the  special  work 
and  duties  of  the  sanitary  engineer  in  case  of 
sudden  outbreaks  of  epidemics,  or  of  sudden 
calamities  or  great  disasters  in  civic  life,  such  as 
earthquakes,  river  floods  and  destructive  con- 
flagrations ;  and  of  the  services  which  may  be 
rendered  by  sanitary  engineers  in  time  of  war, 
such  as  the  erection  of  temporary  hospitals  for 
the  wounded,  the  housing  of  soldiers  in  tents, 
the  maintenance  of  cleanliness  in  the  camp,  the 
sanitation  of  battlefields  and  the  prevention  of 
war  pestilence.* 

THE  TITLE  "SANITARY  ENGINEER." 

I  trust  my  readers  may  have  gained  a  tolera- 
bly clear  insight  into  the  numerous  duties  of 
the  new  profession  ;  and  now,  having  defined 
sanitary  engineering  and  gained  some  knowledge 
of  the  education  and  the  practice  of  the  sanitary 

*  See  Appendix. 
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engineer,  and  of  the  problems  which  engage  his 
attention,  we  are  enabled  to  answer  the  ques- 
tion :  "  Who  is  not  a  sanitary  engineer?"  in 
the  true  sense  and  meaning  of  the  term. 

No  one  should  be  entitled  to  the  name  of 
"  Sanitary  Engineer"  unless  he  is  amply  quali- 
fied, by  study,  special  training  and  practical  ex- 
perience, to  offer  sound  advice  in  all  problems 
arising  in  his  profession.  The  mere  fact  that  a 
man  is  qualified  in  a  single  special  branch — for 
instance,  in  house  drainage  or  the  plumbing 
work  of  buildings — should  not  entitle  him  to  be 
regarded  as  a  sanitary  engineer. 

I  am  quite  aware  of  the  fact  that,  in  making 
this  statement,  I  am  stepping  on  dangerous 
ground,  and  that  there  will  be  some  who  may 
not  agree  with  me.  I  do  not  believe  in  mincing 
such  matters,  and  I  do  prefer  always  to  call 
things  by  their  right  names.  Misuse  of  terms 
is  misleading.  A  builder. or  contractor  is  not 
an  architect,  but  the  architect  may,  in  certain 
cases,  be  a  builder.  A  druggist  or  apothecary 
is  not  a  doctor,  though  an  educated  physician 
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may  be,  at  times,  a  dispensing  chemist.  So  like- 
wise, a  man  who  does  the  plumbing  work  of 
buildings,  or  who  takes  contracts  for  laying 
drains  or  sewers,  or  who  confines  himself  to  re- 
pairing or  altering  defects  in  house  drainage,  is 
not  thereby  qualified  to  be  considered  a  sani- 
tary engineer,  but  a  sanitary  engineer  may,  and 
often  does,  plan  or  carry  out  works  of  house 
drainage  and  interior  plumbing  arrangements. 

A  man  does  not  become  a  physician  by  the 
mere  act  of  hanging  out  a  sign  on  which  he 
styles  himself  "M.D.";  neither  does  a  man  be- 
come a  sanitary  engineer  by  merely  adding 
these  words  to  his  trade  sign  when  he  has 
obtained  a  license  to  run  water  pipes  or  to  lay 
sewers,  or  when  he  is  appointed  inspector  of 
nuisances.  The  innocent  public,  however,  may 
oftentimes  be  misled  by  signs  of  ambitious 
tradesmen,  such  as  "  Plumber,  Gasfitter  and 
Sanitary  Engineer,"  or  the  still  more  preten- 
tious sign,  "  Plumber  and  Consulting  Engineer 
for  Hydraulic  and  Sanitary  Works." 

I  do  not  wish,  however,  to  be  misunderstood, 
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nor  that  my  words  should  be  misinterpreted  or 
misquoted.  Nobody  has  a  higher  appreciation 
of  intelligent  and  skilled  mechanics  and  crafts- 
men than  I,  and  it  is  far  from  me  to  underesti- 
mate the  good  work  done  by  conscientious  men 
of  the  trade.  But  the  difference  between  a 
trade  and  a  profession  cannot  be  bridged  over 
or  eliminated  by  devices  merely  calculated  to  de- 
ceive the  public.  It  is  just  as  erroneous  to  call  a 
man,  or  to  take  a  man  to  be,  a  sanitary  engineer, 
who  has  had  no  general  engineering  training,  and 
whose  knowledge  and  skill  are  confined  to  house 
drainage  and  plumbing,  as  it  is  to  think  a  man 
cannot  be  an  engineer  because  he  does  not 
build  or  run  engines.  And  to  go  a  step  further, 
physicians,  when  they  have  made  a  special  study 
of  preventive  medicine  and  sanitary  matters, 
should  likewise  not  be  considered  sanitary  en- 
gineers— the  term  " medical  engineer"  has  even 
been  compounded  for  the  purpose — for  they  lack 
the  technical  experience  and  training  absolutely 
required  to  qualify  them  for  carrying  out  works 
of  sanitary  engineering. 
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To  reiterate  :  Just  as  in  medicine  the  eminent 
specialists  must  be  physicians  proficient  in 
general  medicine,  so  in  the  profession  of  engi- 
neering the  sanitary  engineer  should  be  a  well- 
trained  civil  engineer. 

GENERAL  QUALIFICATIONS  OF  THE  SANITARY 
ENGINEER. 

A  few  words,  in  conclusion,  in  regard  to  the 
general  qualifications  of  the  sanitary  engineer. 
To  my  mind,  he  should  be  a  man  with  the 
broadest  possible  general  culture.  He  should 
not  only  have  a  thorough  knowledge  of  his  pro- 
fession, but  he  should  combine  with  it  good 
business  capacity.  He  should  be  faithful,  con- 
scientious, accurate,  honest,  trustworthy,  sound 
in  judgment  and  of  absolute  integrity  of  char- 
acter. He  should  respect  his  brother  engineers 
in  order  to  win  their  respect.  In  order  to  de- 
serve universal  respect,  he  should,  if  he  has 
decided  to  practice  for  himself,  avoid  sensa- 
tional writing  or  advertising,  and  confine  him- 
self, if  he  is  building  up  a  practice  and  is 
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obliged  to  seek  work,  to  such  legitimate  adver- 
tising as  he  may  accomplish  by  insertion  of 
a  professional  card  in  engineering  journals  ;  or 
by  the  opportunities  which  present  themselves 
to  him  to  demonstrate  his  qualifications  and 
skill  in  works  carried  out  from  his  designs  or 
under  his  superintendence  ;  by  original  contri- 
butions to  the  technical  and  engineering  press  ; 
by  the  dissemination  of  essays,  or  by  lectures. 
Much  of  the  sanitary  engineer's  work  is  neces- 
sarily of  a  missionary  character,  as  the  public 
must  still  be  educated  to  appreciate  the  bene- 
ficial effects  of  sanitation.  Not  a  little  of  his 
work  requires  patience  and  perseverance.  It  is, 
as  a  rule,  up-hill  work,  until  he  finally  reaps 
success  and  the  merited  reward  of  a  widespread 
reputation. 

THE  SANITARY  ENGINEER  IN  PUBLIC  LIFE  AND 
MUNICIPAL  GOVERNMENT. 

Once  a  reputation  is  established,  the  sanitary 
engineer  should  be  much  more  closely  identified 
with  public  matters  than  has  been  the  case  in 
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the  past.  Among  the  learned  professions  en- 
gineering occupies  the  foremost  rank,  and  sani- 
tary engineers  in  particular  are,  by  reason  of 
their  special  training,  exceptionally  well  fitted 
to  be  represented  in  City,  State  and  National 
Boards  of  Health,  in  Boards  of  Education  and 
of  Charities,  in  City  Councils,  city  improve- 
ment societies  and  on  citizens'  committees. 

The  sooner  the  fact  is  recognized,  in  the  ap- 
pointment to  municipal  offices  or  boards  of 
public  works,  that  engineering  is  not  politics, 
the  sooner  will  the  reform  movement,  which 
was  so  happily  inaugurated  a  few  years  ago  in 
New  York  City,  spread  to  other  cities  and  bear 
good  results. 


APPENDIX. 

THE  WORK  OF  THE  SANITARY  ENGINEER  IN 
TIME  OF  EPIDEMICS,  IN  TIME  OF  WAR,  AND 
IN  SUDDEN  CALAMITIES  IN  CIVIC  LIFE.* 

IN  the  present  age  of  keen  business  competi- 
tion, and  in  the  stern  realism  of  modern  life, 
one  is  far  too  apt,  in  choosing  or  in  pursuing  a 
profession,  to  consider  purely  the  business  as- 
pect involved,  or,  in  other  words,  the  expected 
financial  gain,  and  one  generally  forgets  the 
humanitarian  side  incident  to  every  professional 
man's  career.  In  the  every-day  life  of  a  nation, 
of  a  State,  or  a  community,  contingencies  are 
likely  to  arise  at  any  time  which  require  the 
exercise  of  the  faculties  acquired  in  the  pursuit 
of  a  business,  trade,  or  profession  in  order  to 
apply  them — at  such  times — in  the  interests  of 

*  Reprinted  from  the  Sanitarian,  June,  1895. 
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humanity.  Among  such  contingencies  are  out- 
breaks of  epidemics,  war,  and  great  disasters  in 
civic  life. 

I  propose  in  the  following  to  discuss  briefly 
what  services  and  aid  the  professional  man 
who  has  chosen  "  sanitary  engineering  "  for  his 
calling,  can  render  in  such  extraordinary  events 
to  the  cause  of  humanity. 

I.    Work  of  the  Sanitary  Engineer  in    case  of 
Sudden  Outbreaks  of  Epidemics. 

"  Mankind  is  accustomed  to  the  ceaseless  and 
regular  work  of  death,  to  the  slow  removal  of 
human  beings  from  its  midst.  One  may  com- 
pare it,"  says  a  German  writer,  "  to  the  leaves 
of  a  tree,  which,  after  changing  color  in  autumn, 
drop  off  one  by  one  as  the  winter  comes. 
So  also,  one  by  one,  will  men  sink  into  their 
graves,  while  new  generations  arise,  only  to  meet 
the  same  fate  in  the  end.  This  is  the  inevit- 
able decree  of  destiny,  of  the  order  of  things  in 
nature.  But  the  aspect  of  death  changes  when 
an  epidemic  breaks  out.  It  is  then  more  like 
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the  sudden  uprising  and  uproar  of  a  storm, 
which  in  its  mad  fury  breaks  off  delicate  branches 
and  twigs  and  uproots  strong  and  healthy  trees. 
It  is  death,  again,  to  be  sure,  which  we  see  all 
around  us  when  an  epidemic  rages,  but  death  in 
a  different  form,  clad  in  a  strange  and  dismal 
raiment,  which  shakes  the  nerves  of  the  strong- 
est and  bravest  men."  At  such  times  the  people 
begin  to  feel  that  perhaps  the  wholesale  dying 
need  not  have  taken  place,  that  the  causes 
which  led  to  the  calamity  might  have  been 
avoided — in  short,  that  death  in  epidemics,  far 
from  being  a  dispensation  of  Providence,  is  the 
result  of  man's  own  carelessness  or  neglect  or 
indifference  in  sanitary  matters. 

When  an  epidemic  threatens,  the  work  of  the 
sanitary  and  municipal  engineer  consists  prin- 
cipally and  first  of  all  in  measures  of  prevention. 
He  should  pay  particular  attention  and  care  to 
all  hygienic  municipal  work,  such  as  the  public 
water  supply,  the  sewerage,  the  scavenging  and 
street  cleaning,  the  sewage  and  garbage  disposal, 
the  public  bath  and  wash-houses,  market-houses, 
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abattoirs,  and  public  water-closet  conveniences. 
Increased  cleanliness  is  required  for  all  public 
conveyances,  hacks,  cabs,  street-cars,  elevated 
and  steam  railroads,  as  well  as  ferry-boats,  and 
stricter  attention  should  be  paid  to  railroad 
depots,  stables,  to  hotels,  and  to  public  lodging- 
houses.  It  is  well,  at  such  times,  to  institute 
a  sanitary  survey  of  the  city,  including  a  house- 
to-house  inspection,  with  particular  regard  to 
the  tenement  districts.  Hospitals  for  the  re- 
ception and  care  of  infected  patients  should 
be  planned,  located  and  arranged.  Speaking 
broadly,  the  problems  which  in  such  a  case 
arise  for  the  sanitary  or  municipal  engineer 
consist  in  stricter  and  closer  attention  to  the 
sanitation  of  the  soil,  the  air,  the  water,  the 
food  supply  and  the  dwellings  of  a  city. 

In  case  the  epidemic  actually  breaks  out,  the 
extraordinary  duties  of  the  sanitary  engineer 
embrace  mainly  the  following  work — viz.  : 

1.  Measures  for  the  protection  of  those  who 
are  not  sick. 

2.  Measures  for  the  proper  care  of  the  sick. 
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3.  Measures  for  prompt  and  safe  removal  and 
disposal  of  the  dead. 

While  some  of  the  work  to  be  performed  is 
of  a  medical  nature,  not  a  little  of  it,  particu- 
larly as  regards  preventive  measures,  belongs 
to  the  province  of  the  engineer.  Both  the  phy- 
sician and  the  sanitary  engineer  should  there- 
fore work  hand  in  hand,  and  assist  and  supple- 
ment each  other.  Physicians,  however,  are 
rarely  sufficiently  educated  in  technical  details 
of  sanitation,  and  it  seems  at  least  doubtful,  if 
it  would  not  be  a  serious  mistake,  to  put  all  the 
preventive  measures  in  the  exclusive  charge  of 
health  officers.  A  division  of  the  work  would 
be,  to  my  mind,  far  preferable,  and  would  offer 
considerable  practical  advantages. 

Among  measures  for  the  protection  of  those 
who  are  well,  the  preservation  of  the  purity  of 
the  drinking  water  is  of  great  importance.  Reg- 
ular periodical  chemical  and  bacteriological  ex- 
aminations of  the  water  supplied  by  the  city 
water-works  should  be  instituted.  The  sanitary 
engineer  must  have  a  sufficient  knowledge  of 
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the  noxious  components  of  water,  and  of  the 
methods  of  detecting  these  impurities  or  con- 
taminations, in  order  to  be  able,  if  not  to  per- 
form the  analyses  himself,  at  least  to  interpret 
the  results  of  the  chemist's  and  microscopist's 
work  correctly.  In  addition  to  this,  it  is  essen- 
tial that  all  public  wells  in  streets  or  squares, 
as  well  as  those  in  private  grounds,  be  watched 
with  care.  It  is  advisable  to  close  up  at  once 
all  suspicious  wells.  Likewise  should  all  rain- 
water cisterns  be  cleaned  and  purified,  and 
where  filters  are  used,  the  filtering  material 
should  be  sterilized  or  renewed.  It  is  better, 
however,  to  avoid  entirely  during  epidemics  the 
use  of  filters,  and  to  make  it  a  practice  to  boil 
all  water  used  for  drinking  purposes.  Finally, 
the  ice  supply  should  be  watched,  the  sale  of 
all  impure  ice  or  ice  cut  from  contaminated 
ponds  prohibited,  and  the  householder  cau- 
tioned to  use  the  ice  which  is  intended  for  the 
cooling  of  beverages  in  vessels  with  separate 
compartments,  so  that  the  melted  ice  cannot 
mix  with  the  water, 
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The  sanitary  engineer  should  look  after  the 
city  sewers,  and  should  take  the  necessary  steps 
to  insure  that  they  are  well  flushed  and  venti- 
lated, and  that  the  catch-basins  and  street  gut- 
ters are  kept  clean.  If  necessary,  he  should 
apply  disinfection  to  the  sewers.  Medical  men 
should  make  it  a  strict  rule  that  all  discharges 
of  the  sick  are  disinfected  before  they  are 
thrown  into  water-closets  or  slop-hoppers,  to 
pass  away  through  the  house  sewers.  The  po- 
lice and  sanitary  department  should  prohibit 
during  epidemics  the  throwing  of  any  evacua- 
tions into  rain-water  inlets,  gutters,  catch-basins, 
or  privy-vaults.  Where  there  is  a  sewer  in  the 
street,  the  connection  of  all  houses  to  the  same 
should  be  made  compulsory.  Houses  without 
sewerage  facilities,  depending  upon  privy-vaults, 
earth-closets,  and  cesspools  for  the  liquid  wastes, 
require  at  such  times  more  than  ordinary  atten- 
tion. Old  or  badly  constructed  sewers,  gener- 
ally filled  with  a  mass  of  putrefying  deposits, 
are  particularly  capable  of  propagating  an  in- 
fectious disease  through  the  house  connections, 
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the  street  catch-basins,  and  the  open  or  venti- 
lating manhole  covers.  Such  sewers  will  need 
a  thorough  disinfection,  with  either  milk  of  lime 
or  with  sulphur.  Next  to  a  system  of  water- 
carried  sewage,  a  well-arranged  system  of  dry 
removal  by  pails  is  the  best  during  an  epidemic  ; 
but  the  removal  must  be  well  organized  and 
occur  regularly,  and  the  pails  should  be  well 
cleaned  and  disinfected.  It  is  better  not  to 
empty  privy-vaults  or  cesspools  during  an  epi- 
demic, except  where  their  contents  are  first 
thoroughly  sterilized  by  germ-killing  disinfect- 
ants. 

Where  the  town  sewage  is  regularly  purified 
before  discharge  into  a  water-course,  the  sani- 
tary engineer  must  watch  with  care  the  sewage 
field  or  the  chemical  precipitation  tanks.  All 
sewage  should  reach  the  irrigation  field  before 
it  has  begun  to  putrefy.  In  the  field  it  should 
be  evenly  distributed,  and  all  stagnant  pools  of 
sewage  should  be  removed. 

The  utmost  cleanliness  must  be  maintained 
in  the  streets  of  the  city.  All  paved  surfaces 
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must  be  regularly  swept  clean,  and  the  cleaning 
up  of  back  and  front  yards,  of  courts  and  alleys 
and  street  gutters,  should  not  be  forgotten. 
The  streets  should  be  moderately  sprinkled  to 
lay  the  dust,  which  if  scattered  may  carry  dis- 
ease germs  into  dwellings  ;  if  necessary,  disin- 
fectants should  be  added  to  the  water  in  the 
watering-cart. 

All  street  dirt,  house  refuse,  and  garbage 
must  be  removed  with  particular  regularity,  for 
they  may  contain  the  germs  of  the  disease. 
Householders  may  assist  the  municipality  by 
burning  litter  and  refuse  in  the  house  fires 
whenever  it  is  possible  to  do  so.  Manure  pits 
of  stables  require  careful  attention.  In  times 
of  epidemics,  the  destruction  of  the  city  refuse 
by  cremation  appears  to  be  by  far  the  safest 
mode  of  proceeding.  The  disposal  of  the  gar- 
bage by  removal  offers  considerable  difficulties 
even  in  ordinary  times  ;  but  during  an  epidemic 
the  question  of  removal  is  apt  to  be  particularly 
embarrassing,  for  the  very  act  of  removal  may 
cause  a  further  spread  of  the  dreaded  disease, 
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and  quarantine  laws  will  in  many  cases  render 
removal  out  of  town  utterly  impracticable.  On 
the  other  hand,  the  sanitary  engineer  must 
avoid  at  such  times  the  accumulation  of  large 
masses  of  putrefying  garbage  and  offal  at  any 
point  within  the  city  limits ;  hence  sanitation 
by  fire  seems  about  the  only  solution  of  the 
problem. 

The  battle  against  filth  diseases  always  re- 
quires the  maintenance  of  absolute  purity  of 
the  soil,  the  air,  and  the  water.  While  general 
cleanliness,  light,  air,  and  water  are  the  best 
available  general  means  of  disinfection,  it  is 
necessary,  during  epidemics,  to  provide  well- 
appointed  places  for  a  proper  disinfection  by 
steam  of  all  wearing  apparel,  and  of  the  wash- 
ing of  those  who  have  been  taken  sick.  Disin- 
fecting stations  for  persons,  such  as  were  used 
in  Stettin  in  1870-71,  and  exhibited  by  Profes- 
sor Petruschky,  of  Konigsberg,  at  the  Berlin 
Hygienic  Exhibition  of  1883,  are  also  to  be 
recommended.  In  these  the  persons  take  an 
ablution  with  antiseptic  soap  under  a  shower  or 
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rain-bath,  while  their  clothing  is  disinfected  for 
about  twenty  minutes  by  steam.  Following  the 
douche,  bath  attendants  wash  the  whole  body 
of  the  bathers  thoroughly  with  a  solution  of 
permanganate  of  potash. 

If  proper  care  is  exercised  in  the  maintenance 
and  management  of  public  baths,  it  is  not  al- 
ways necessary  to  close  these  places  when  an 
epidemic  occurs,  for  this  would  deprive  many 
people,  who  have  no  facilities  for  thorough  ab- 
lutions at  home,  of  the  chance  to  keep,  their 
bodies  clean,  a  measure  which  in  itself  tends 
to  prevent  infection.  The  public  wash-houses, 
however,  should  be  closed,  and  physicians  should 
insist  that  the  dirty  linen  of  all  patients  be  sent 
to  the  disinfecting  station. 

The  municipal  engineer  must  also  see  to  it 
that  all  public  water-closet  conveniences  and 
public  urinals  are  kept  scrupulously  clean,  well 
flushed,  and  disinfected,  while  the  sanitary  engi- 
neer in  private  practice  will  be  kept  busy 
with  inspections  and  tests  of  plumbing  work  in 
dwellings,  office  buildings,  stores,  and  institu- 
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tions,  and  with  the  more  or  less  extensive  altera- 
tions of  the  plumbing  and  drainage,  with  a  view 
of  making  the  same  safe  from  a  hygienic  point 
of  view. 

A  sanitary  survey  of  the  city  and  a  house-to- 
house  inspection  will  enable  the  sanitary  engi- 
neer to  know  beforehand  the  actual  condition  of 
the  worst  city  districts,  generally  the  tenement 
quarters  of  the  poor  population.  Efforts  should 
be  made  to  improve  the  obtaining  conditions, 
particularly  in  regard  to  overcrowding  and  cel- 
lar habitations.  Public  lodging-houses  should 
be  put  under  close  surveillance.  In  hotels 
those  rooms  which  may  become  infected  by  a 
patient  ill  with  the  disease  should  be  properly 
disinfected,  and  the  carpets,  furniture,  and  bed- 
ding must  be  destroyed.  Attention  should  be 
paid  to  public  vehicles,  particularly  to  cabs  in 
which  patients  may  have  been  transported  from 
the  houses  to  the  hospitals.  This  should  always 
be  avoided  by  providing  separate  ambulances 
for  the  infected. 

As  a  further  measure  to  protect  those  who 
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are  not  sick,  it  is  advisable  to  close,  at  the  very 
beginning  of  an  epidemic,  all  public  halls  and 
places  of  amusement,  likewise  the  public  schools, 
colleges,  and  boarding  or  private  schools.  If  the 
epidemic  spreads,  it  may  be  better  to  close  up 
the  factories  and  workshops.  The  shipping  of 
freight  should  be  stopped,  travellers'  baggage 
must  be  disinfected,  and  railway  stations  and 
railroad  coaches  as  well  as  ships  inspected. 

Then,  again,  there  must  be  efficient  measures 
for  the  isolation  and  care  of  the  sick  :  first,  in 
order  not  to  endanger  those  who  escaped  the 
scourge  ;  second,  to  cure  the  sick.  An  efficient 
ambulance  service  should  be  organized,  largely 
composed  during  epidemics  of  volunteer  aid 
corps,  like  firemen,  policemen,  militia  and  sol- 
diers, as  the  regular  hospital  service  of  a  city  will 
at  such  times  prove  insufficient.  The  sanitary 
engineer  may  be  called  upon  to  provide  tempo- 
rary tent  or  barrack  hospitals,  where  the  city  hos- 
pital accommodations  do  not  suffice  to  care  for 
the  sick.  As  the  school-houses  are  closed,  such 
buildings  may  be  utilized  for  hospitals.  Military 
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barracks  and  stables  may  often  be  used  for  the 
same  purpose,  while  theatres  and  churches  are 
not  as  suitable.  The  temporary  barracks,  while 
constructed  of  woodwork,  should  be  arranged 
in  a  manner  to  keep  out  the  cold.  Besides  pro- 
vision for  heating,  they  should  have  hot  and  cold 
water  service,  bathing  facilities,  sewerage,  and 
electric  lighting.  The  location  for  hospital  bar- 
racks should  be  carefully  chosen,  and  in  case  of 
an  epidemic  it  is  far  better  to  keep  them  within 
short  distance  of  the  crowded  city  districts, 
rather  than  locate  them  at  the  outskirts  of  large 
towns. 

Finally,  the  dead  must  be  cared  for.  These 
should  be  quickly  removed  from  the  hospitals 
and  from  the  poorer  and  crowded  city  districts, 
using  extra  precautions  during  removal  and 
transportation  against  infection.  During  epi- 
demics, the  final  disposal  of  the  dead  bodies  by 
cremation  offers  important  advantages. 

In  case  of  sudden  pestilence,  many  people 
who  are  able  to  do  so  leave  the  infected  city 
and  fly  to  camps  of  safety,  erected  with  refuge 
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huts  and  refuge  tent  hospitals.  In  these,  too, 
the  sanitary  engineer  may  find  opportunity  to 
assist  in  maintaining  sanitary  conditions,  by 
attention  to  those  requirements  which  at  other 
times  form  together  what  is  known  as  "  camp 
hygiene."  Such  "  tenting  out "  always  neces- 
sarily involves  more  or  less  exposure  to  the 
vicissitudes  of  the  weather,  and  may  cause  sick- 
ness of  a  preventable  nature. 

Wherever  possible,  one  should  prepare  before- 
hand for  the  emergencies  likely  to  arise  during 
an  epidemic.  When  the  writer  was  in  the 
Prussian  military  service,  twenty  years  ago, 
as  a  volunteer  in  an  engineering  regiment  of 
the  Imperial  Guards  at  Berlin,  he  was  ordered 
for  a  few  weeks  to  the  headquarters  of  the 
general  military  staff,  under  General  Moltke, 
and  he  well  remembers  how  he  assisted  then 
in  preparing  beforehand  the  railway  time  tables 
required  for  the  quick  moving  of  the  bulk  of 
the  German  army  to  either  the  French  or 
Russian  frontier  in  case  of  a  future  war. 
Similarly  should  the  sanitary  engineer  and  the 
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health  officer  lay  out  beforehand  all  the  plans 
required  to  assist  in  the  fight  against  infectious 
disease,  so  that  when  an  epidemic  does  occur,  it 
may  not  find  them  unequipped  and  unprepared. 

II.    Work   of  the  Sanitary  Engineer  in    Time 
of  War. 

In  case  of  an  outbreak  of  war,  the  civil  engi- 
neer will  be  chiefly  concerned  with  the  provision 
of  proper  means  for  the  speedy  and  safe  trans- 
portation of  large  masses  of  troops,  including 
their  necessary  ammunition  ;  with  the  laying  of 
temporary  railroad  tracks  and  the  erection  of 
temporary  bridges  or  the  construction  of  pon- 
toons over  streams  ;  or  with  the  destruction  of 
the  enemy's  railroad  lines  or  rolling  stock  and 
the  burning  of  bridges.  The  work  of  electrical 
engineers  will  consist  in  the  erection  of  signal 
stations,  the  laying  of  military  telegraph  lines, 
and  the  provision  of  portable  electric-light  ap- 
paratus for  the  search  of  the  dead,  the  aid  of 
the  wounded  after  a  battle,  and  for  the  disinfec- 
tion of  the  battle-field. 
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The  duties  of  the  sanitary  engineer  in  time 
of  war  will  embrace  something  like  the  following 
—  viz.  :  , 

1.  Providing   proper   facilities   for   the  tem- 
porary   housing    of   soldiers,    and    selection   of 
proper  sites  for  military  camps. 

2.  Enforcement  of  cleanliness  in  the  camp  ; 
examination  of  sources  of  water  supply  ;  purifi- 
cation   of  water    and    provision    of   an    ample 
supply    for  the    troops    and    horses  ;  drainage, 
removal    of    wastes    and    garbage,    and    erec- 
tion of   latrines  ;  also  safety   measures  against 
fire. 

3.  Provision  and  transportation  of  a  proper 
food  supply. 

4.  The  first  aid  to  the  wounded  on  the  battle- 
field and  at  the  dressing  stations. 

5.  The   care   of  the  wounded  ;  erection   and 
fitting    up    of    temporary    field    hospitals,    and 
means  for  heating  and  ventilation  and  electric 
lighting  ;  transportation  of  the  wounded  from 
the  battle-field,  and  organization  of  a  field  am- 
bulance service. 
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6.  Care  of  the  sick  in   tent  or  barrack    hos- 
pitals. 

7.  Sanitation   of  the  battle-field  and  care  of 
the  dead  soldiers  ;  also  the  cleaning  and  disin- 
fection of  camps,  the  destruction  of  temporary 
hospitals,    and     the  disinfection    of  putrefying 
battle-fields. 

The  sanitary  engineer,  through  his  practice 
in  times  of  peace,  is  rendered  particularly  quali- 
fied to  assist  in  the  housing  of  an  army  of 
troops  in  the  field,  to  give  aid  in  the  care  of  the 
sick  and  wounded,  and  to  preyent  in  military 
encampments  war  pestilence,  or  diseases  and 
deaths  due  to  deficient  sanitary  conditions. 

Statistics  record  the  fact  that  for  every  soldier 
who  dies  in  or  after  a  battle,  there  are  two  who 
fall  victims  to  disease,  and  that  for  one  soldier 
discharged  as  disabled  and  wounded,  there  are 
three  who  are  more  or  less  permanently  dis- 
abled by  disease.  At  the  Shipka  Pass,  during 
the  Russo-Turkish  War  in  1877,  the  daily  losses 
from  bullets  were  far  exceeded  by  those  from 
frostbite.  Ours  is  not  a  military  nation,  and 
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during  peace  we  do  not  keep  a  large  standing 
army ;  but  those  European  nations  who  are 
obliged  always  to  be  on  a  war  footing  pay, 
since  the  Crimean  War,  a  great  deal  of  atten- 
tion to  sanitation.  After  the  battle  of  Bala- 
klava  and  during  the  siege  of  Sebastopol,  in 
the  Crimean  War  of  1854,  the  English  army 
suffered  immense  losses  from  sickness  in  the 
camp.  It  is  stated  that  of  100  sick  soldiers  in 
the  hospitals,  only  1 1  were  soldiers  wounded  in 
battle  ;  46  per  cent,  of  the  sick  died  from  fevers. 
It  was  then  that  England  sent  the  well-known 
Miss  Florence  Nightingale  with  40  assistants 
to  the  seat  of  war,  and  she  succeeded  in  greatly 
reducing  the  mortality  of  the  English  troops 
by  enforcement  of  practical  measures  of  sanita- 
tion. 

Military  camps  should  offer  to  the  soldiers 
shelter  against  sun  and  heat,  against  rain  and 
damp,  against  wind  and  storms.  In  order  to 
be  healthful,  such  camps  require  an  elevated 
site  and  a  dry  subsoil,  with  good  drainage  facili- 
ties and  means  for  a  pure  water  supply.  In 
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choosing  and  locating  camps,  the  sanitary  en- 
gineer can  render  efficient  service  by  making 
preliminary  topographical  surveys  and  avoid- 
ing all  unhealthy  sites,  the  neighborhood  of 
marshes  or  swamps  or  alluvial  river  bottoms, 
subject  to  overflow,  which  tend  to  foster  mala- 
rial conditions.  If  compelled  to  erect  a  camp 
in  such  a  situation,  it  should  be  placed  well  to 
windward  of  all  suspicious  grounds. 

Old  camp  grounds  had  better  be  avoided  on 
account  of  the  likelihood  of  a  previous  soil  con- 
tamination and  the  possible  incidental  danger 
of  infection.  Hills  and  woods  serve  as  pro- 
tection against  winds,  and  the  woods  also  for 
shade  in  warm  climates. 

Cleanliness  and  healthful  conditions  must  be 
maintained  in  camps.  Dryness  of  soil  is  essen- 
tial, hence  the  first  care  of  the  sanitary  engineer 
should  be  to  arrange  for  proper  surface  drain- 
age, and  to  provide  against  floods  or  excessive 
rainstorms.  He  should  also  make  provision 
for  a  good  water  supply,  arrange  for  the  dis- 
posal of  slops  and  waste  water,  and  erect  suit- 
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able  latrines  or  plain  earth  closets.  Facilities 
for  performing  bodily  ablutions,  including  sim- 
ple bathing  arrangements,  should  be  contrived, 
as  well  as  means  for  washing  the  underwear 
and  cleaning  the  clothes  and  blankets  of  the 
troops.  For  although  the  out-door  life  of  mili- 
tary service,  and  the  camping  out  under  the 
open  sky  tend  in  general  to  favor  healthful 
conditions,  the  want  of  cleanliness,  particularly 
in  the  field  or  during  and  after  long  marches, 
may  be  a  fruitful  cause  of  disease. 

The  camp  should  be  inspected  daily.  A 
regular  system  of  scavenging  should  be  insti- 
tuted, order  and  cleanliness  must  be  maintained, 
and  the  danger  of  fire  must  be  guarded  against. 
The  latrines  must  be  carefully  looked  after,  and 
likewise  must  all  kitchen  refuse  be  removed  to  a 
safe  distance.  The  stable  manure  of  cavalry 
or  artillery  encampments  should  be  carted  away 
regularly,  and  dug  into  the  ground.  Soil  pol- 
lution by  the  voiding  of  urine  in  other  than 
the  designated  places  should  be  prevented  by 
strictly  enforced  regulations.  Finally,  a  small 
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field  hospital  should  be  erected,  either  of  log- 
huts  or  of  tents,  to  care  for  the  sick. 

When  a  battle  has  taken  place,  humanity 
demands  the  early  search  for,  and  the  immediate 
first  aid  to,  the  wounded,  to  friend  and  foe 
alike ;  and  considerations  for  the  health  of  the 
surviving  as  well  as  piety  require  the  burial 
or  disposal  of  the  soldiers  who  fell  in  battle  and 
of  the  horses  killed.  Warm  weather  and  mois- 
ture combine  to  create  very  soon  conditions  of 
war  pestilence  dangerous  to  health,  unless  im- 
mediate attention  is  given  to  the  sanitation  of 
the  battle-field. 

After  the  battle  of  Solferino,  on  June  24, 
1859,  not  less  than  40,000  wounded  covered 
the  field,  laying  exposed  to  the  hot  summer 
sun,  which  soon  changed  all  into  a  mass  of 
putrefaction  and  pestilence.  Henry  Dunant, 
a  citizen  of  Geneva,  Switzerland,  witnessed 
these  shocking  sights  a  day  after  the  battle, 
and  described  them  in  his  book,  "  Un  souvenir 
de  Solferino,"  which  gave  the  first  impetus  to 
the  founding  of  the  Red  Cross  Society,  at 
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Geneva,  on  October  26,  1863.  Colonel  Naun- 
dorff,  in  his  book,  "  Under  the  Red  Cross," 
gives  a  similar  vivid  description  of  the  hor- 
rors of  the  Koniggratz  battle-field.  It  took, 
after  the  battle  of  Gravelotte,  in  the  Franco- 
Prussian  War  of  1870-71,  four  days  to  remove 
the  wounded  and  dead,  and  after  the  battle  of 
Sedan  it  took  six  days  to  accomplish  this.  No- 
where, however,  have  the  hardships  of  war  and 
the  horrors  of  the  battle-field  been  depicted 
with  a  greater  master  hand,  more  vividly  and 
realistically,  than  in  Verestchagin's  world- 
famous  war  paintings,  the  scenes  of  which  are 
taken  from  the  Russo-Turkish  War.  The 
sights  which  he  saw  in  actual  military  service 
were  so  forcibly  impressed  upon  his  mind,  that 
the  paintings  which  he  created  after  the  war 
speak  eloquently  for  themselves.  The  message 
conveyed  to  us  by  his  works  cannot  fail  to  teach 
a  lesson  and  to  awaken  sentiments  in  opposition 
to  warfare  ;  at  the  same  time  they  point  to  the 
urgent  necessity  of  civil  aid  upon  the  battle-field. 
What  may  be  accomplished  at  such^times  by 
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civil  aid  has  been  well  illustrated  in  the  excel- 
lent work  done  by  the  United  States  Sanitary 
Commission  in  the  War  of  the  Rebellion  of 
1861-64.  The  barrack  or  pavilion  system  of 
hospitals  was  originated  by  this  commission, 
and  has  had  a  powerful  influence  in  changing 
the  general  plan  and  arrangement  of  hospitals, 
and  in  emphasizing  the  importance  of  securing 
ample  ventilation  to  such  structures.  The  well- 
known  German  surgeon,  Professor  Friedrich 
von  Esmarch,  made  a  powerful  appeal  for  civil 
aid  in  his  famous  essay,  "  The  Battle  of  Human- 
ity against  the  Horrors  of  War,"  published  in 
1869. 

In  England  John  Furley  founded  in  1877  the 
St.  John  Ambulance  Association  of  London, 
and  Esmarch  followed  soon  after  in  Germany 
by  the  establishment  of  "  Samaritan  Societies," 

which  he  aptly  calls  the  "  Pioneers  of  the  Red 

Ctj 
ross. 

In  addition  to  the  aid  given  on  the  battle- 
field by  volunteer  aid  corps,  the  regular  mili- 
tary hospital  and  field  ambulance  corps  attend 
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to  the  wounded  during  and  after  a  battle.  It 
is  usual  to  distinguish  three  series  of  stations— 
viz.,  the  first  dressing  station,  near  the  line  of 
battle,  where  the  wounded  receive  the  first  aid, 
and  where  the  temporary  bandaging  of  wounds 
is  done  ;  second,  the  field  hospitals,  composed 
of  tents  or  barracks  located  from  two  to  three 
miles  behind  the  line  of  battle,  to  which  the 
wounded  are  removed  in  field  ambulances  ;  and 
finally  the  general  war  hospitals,  which  are 
stationary  but  usually  temporary  structures,  lo- 
cated at  greater  distance  from  the  seat  of  war, 
and  to  which  the  wounded  are  transported  by 
hospital  railway  trains  or  sometimes  by  hospital 
ships. 

After  the  battle  the  dead  must  be  cared  for, 
generally  by  interment  in  large  common  graves, 
and  sometimes  by  cremation.  The  introduc- 
tion of  the  movable  electric-light  wagons  in  the 
military  service  has  aided  greatly  in  accomplish- 
ing this  more  quickly  ;  at  the  same  time  it  may 
render  useful  service  in  the  early  disinfection 
of  the  battle-field  to  avoid  war  pestilence. 
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III.  Work  of  the  Sanitary  Engineer  after  Sud- 
den Calamities,  Catastrophes,  and  Great  Dis- 
asters in  Civic  Life. 

Many  opportunities  offer  themselves  to  the 
sanitary  engineer  for  rendering  useful  services 
in  case  of  accidents  or  sudden  calamities,  like 
earthquakes,  floods  and  freshets,  destructive 
conflagrations,  theatre  fires  and  panics,  torna- 
does and  cyclones,  forest  fires,  collapse  of  build- 
ings, machinery  accidents,  boiler  or  powder  ex- 
plosions, railway  disasters,  and  accidents  in 
mines. 

After  a  storm  flood,  caused  either  by  river 
overflows  or  by  the  breaking  of  dams  or  water 
reservoirs,  the  entire  flooded  district  must  be 
drained,  and  its  habitations  must  be  rendered 
healthful  by  artificial  drying  ;  but  as  this  re- 
quires considerable  time,  it  is  often  necessary 
to  erect  temporary  barracks  for  shelter,  as  many 
people  will  suffer  from  lack  of  homes.  All 
dampness  must  be  removed,  disinfection  applied 
whenever  necessary,  and  in  houses  with  deaf- 
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ened  floors  the  wet  filling-in  material  should 
always  be  removed,  as  it  may  breed  disease. 
After  deplorable  calamities,  such  as  the  flood 
at  Johnstown,  Pa.,  May  31,  1889,  caused  by  the 
breaking  of  a  dam  above  the  town  during  an 
extraordinary  rainfall,  and  the  almost  entire 
destruction  of  the  city  of  Szegedin,  in  Hungary, 
in  March,  1879,  by  a  nver  freshet,  both  of 
which  caused  much  loss  of  life,  the  services 
of  sanitary  engineers  can  be  put  to  good  use. 

Similar  aid  may  be  rendered  after  destruc- 
tive earthquakes,  or  great  conflagrations,  or 
devastations  by  tornadoes.  Panics  and  fires  in 
theatres,  or  in  orphan  asylums,  or  hospitals  for 
insane,  are  terrible  calamities,  often  accom- 
panied with  appalling  loss  of  life.  Here,  again, 
the  knowledge  of  sanitary  engineers  can  be  ap- 
plied and  efficient  services  rendered,  first  of  all, 
in  providing  measures  for  preventing  the  re- 
currence of  such  catastrophes  ;  and,  second,  in 
rendering  aid  when  such  accidents  have  hap- 
pened. 

Then,  again,  we  have  a  large  number  of  acci- 
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dents,  such  as  collapse  of  buildings  or  grand 
stands,  railway  disasters  and  bridge  accidents, 
injuries  in  industrial  or  manufacturing  estab- 
lishments and  in  workshops,  due  to  unprotected 
machinery  in  motion  or  to  defects  of  hoisting 
apparatus  ;  blasting  accidents,  fire-damp  explo- 
sions in  mines,  caving  in  of  trenches  in  earth 
excavations  for  sewers  or  water  pipes,  suffoca- 
tion by  escaping  illuminating  gas  in  laying 
gas  mains,  collapse  of  tunnels  ;  steam-boiler  ex- 
plosions, and  explosions  of  gunpowder  or  dyna- 
mite. 

In  the  construction  of  architectural  as  well  as 
engineering  structures,  accidents  to  the  superin- 
tendents, to  masons,  bricklayers,  roofers,  and 
other  workingmen  are  of  frequent  occurrence. 
There  are  injuries  due  to  falling  stones,  brick, 
or  timber  ;  falls  from  scaffolds  or  ladders,  der- 
ricks and  hoisting  accidents.  In  carrying  out 
large  railroad  or  canal  enterprises,  it  is  usual  to 
provide  beforehand  temporary  barrack  hospitals 
for  the  care  of  those  who  may  become  in  any 
way  injured  or  who  succumb  to  disease. 
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In  view  of  the  frequency  of  accidents  in  archi- 
tectural and  engineering  works,  a  general  course 
of  instruction  in  the  first  aid  in  emergencies  and 
accidents  has  been  introduced  at  all  the  Ger- 
man Polytechnic  Schools.  While  it  is  true  that 
the  knowledge  of  how  to  render  the  first  aid 
in  injuries  until  a  surgeon  arrives  should  be 
a  part  of  every  man's  general  education,  and 
while  it  is  by  no  means  claimed  that  the  engi- 
neer is  specially  qualified  to  render  such  service, 
the  matter  is  mentioned  here  because,  through 
the  nature  of  his  work,  he  is  apt  to  be  frequently 
present  at,  or  to  be  brought  into  immediate 
contact  with,  such  accidents  when  they  do 
occur,  and  it  is  desirable  that  he  should  in  such 
emergencies  know  what  to  do  to  make  the 
injured  person  as  comfortable  as  possible  until 
medical  aid  arrives. 

The  engineer  should,  therefore,  know  the 
rudiments  of  anatomy  and  physiology  of  the 
human  body,  and  be  conversant  with  fractures, 
sprains,  dislocations,  contusions,  crushes  and 
lacerations,  and  bleeding  or  poisoned  wounds. 
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He  will  meet  cases  of  torn  limbs,  of  splin- 
ters, wounds,  and  hemorrhages,  sun  and  heat 
strokes,  frostbite,  foreign  bodies  in  the  eye,  as 
well  as  cases  of  drowning,  of  suffocation  with 
smoke  or  illuminating  gas  or  bad  gases  at  the 
bottom  of  wells  or  vaults.  He  may  be  called 
upon  to  treat  burns,  scalds,  or  in  chemical 
works  cases  of  eschars  or  poisoning.  He  should 
also  be  familiar  with  the  extemporized  means  of 
transporting  injured  persons,  when  accidents 
occur  in  places  far  away  from  doctors,  as  in 
surveys  in  the  woods,  in  the  climbing  of  moun- 
tains, on  the  ranches  in  the  far  West,  on  board 
of  ships  or  trains,  or  in  mines. 

No  one  has  done  more  efficient  service  in 
popularizing  this  useful  knowledge  than  Pro- 
fessor Friedrich  von  Esmarch,  who  founded 
the  German  Samaritan  Society,  and  in  1882  de- 
livered courses  of  lectures  on  first  aid  to  the 
injured,  since  then  given  time  and  again  by 
others.  In  Vienna  a  Volunteer  Aid  Society 
was  founded  a  day  after  the  terrible  fire  of  the 
Ring  Theatre,  on  December  8,  1881. 
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In  England  valuable  work  is  done  by  the 
St.  John  Ambulance  Association,  and  in  Scot- 
land a  similar  society  exists,  known  as  the  St. 
Andrew's  Ambulance  Association. 

In  New  York  City  the  Society  for  Instruc- 
tion in  First  Aid  to  the  Injured  was  founded 
years  ago,  while  in  Brooklyn  the  Red  Cross 
Society  is  doing  excellent  work. 

It  is  a  matter  of  gratification  to  record  the 
fact  that,  after  the  formation  of  a  United  States 
Committee  of  the  International  Red  Cross  So- 
ciety, whose  work  was  until  then  confined  to 
civil  aid  on  the  battle-field  and  in  the  war  hos- 
pitals, it  was  proposed  and  advocated,  largely 
by  Miss  Clara  Barton,  that  the  usefulness  of 
the  Red  Cross  Society  might  be  increased  by 
relief  work  in  cases  of  calamities  other  than 
war.  This  amendment  to  the  constitution  of 
the  Red  Cross  Society  is  known  as  the  "  Amer- 
ican amendment,"  and  the  aid  of  the  society 
is  now  extended  to  sufferers  by  flood,  pesti- 
lence, tornadoes,  and  other  great  disasters  in 
civic  life. 
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